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“O que habita no esconderijo do Altíssimo 
E descansa à sombra do Onipotente 
Diz ao Senhor: Meu refúgio e meu baluarte, 
Deus meu, em quem confio. 
Pois ele te livrará do laço do passarinheiro 
E da peste perniciosa. 
Cobrir-te-á com as suas penas, 
E, sob suas asas, estará seguro; 
A sua verdade é pavês de escudo. 
Não te assustarás do terror noturno, 
Nem da seta que voa de dia, 
Nem da peste que se propaga nas trevas, 
Nem da mortandade que assola ao meio-dia. 
Caiam mil ao teu lado; 
E dez mil, à tua direita; 
Tu não serás atingido. 
Somente com os teus olhos contemplarás 
e verás o castigo dos ímpios. 
Pois disseste: O Senhor é o meu refúgio. 
Fizeste do Altíssimo a tua morada. 
Nenhum mal te sucederá, 
Praga nenhuma chegará à tua tenda. 
Porque aos seus anjos dará ordens a teu respeito, 
Para que te guardem em todos os caminhos. 
Eles te sustentarão nas suas mãos, 
Para não tropeçares nalguma pedra. 
Pisarás o leão e a áspide, 
Calcarás aos pés o leãozinho e a serpente. 
Porque a mim se apegou com amor, 
Eu o livrarei; pô-lo-ei a salvo, 
Porque conhece o meu nome. 
Ele me invocará, e eu lhe responderei; 
Na sua angústia eu estarei com ele, 
Livrá-lo-ei e o glorificarei. 
Saciá-lo-ei com longevidade 
E lhe mostrarei a minha salvação.” 
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INTRODUÇÃO: A diferenciação sexual nos mamíferos envolve uma complexa 
cascata gênica composta por genes que interagem em fases restritas ou em 
diferentes momentos do desenvolvimento do tecido gonadal. Alterações nos 
mecanismos de ação gênica ou por efeito de dosagem de expressão originam 
anormalidades no desenvolvimento gonadal. Erros no sexo cromossômico são 
ocasionados por aberrações cromossômicas, como, por exemplo, a Síndrome de 
Turner (ST). A ST é uma das aneuploidias mais comuns em humanos e 
caracteriza-se, citogeneticamente, por monossomia do cromossomo sexual (45,X) 
em 50-60% dos casos. Os demais casos apresentam mosaicismo com uma 
linhagem celular 45,X, acompanhada de outra(s) com o cromossomo X ou Y 
íntegros ou com alterações estruturais. A presença de material do cromossomo Y 
em pacientes com gônadas disgenéticas aumenta o risco de tumores gonadais, 
especialmente gonadoblastoma. Os objetivos do estudo consistiram na 
investigação molecular de genes do cromossomo Y (SRY e TSPY) por PCR 
(reação em cadeia da polimerase) em pacientes com ST para estabelecer 
conduta preventiva ao desenvolvimento de tumores gonadais por gonadectomia 
profilática nas portadoras com presença dessas sequências. Além disso, 
possibilitar um panorama mais informativo desse tipo tumoral por estudo da 
expressão diferencial de genes relacionados à determinação e diferenciação 
sexual e ao desenvolvimento de tumores gonadais (SRY, WT1, SF1, STRA8, 
TSPY, OCT4, GATA4 e FOG2) por qRT-PCR nas gônadas das pacientes 
submetidas gonadectomia profilática. MÉTODOS: Foram estudadas 104 
pacientes portadoras de ST provenientes do Ambulatório de Gônadas e 
Desenvolvimento da UNIFESP/EPM. Às pacientes que apresentaram seqüências-
Y-específicas por PCR foi sugerida a gonadectomia profilática cujo material foi 
estudado por qRT-PCR para os genes SRY, TSPY, SF1, WT1, DAX1, OCT4, 
GATA4, FOG2 e STRA8. RESULTADOS: Das 104 pacientes estudadas, foi 
detectado mosaicismo oculto do cromossomo Y em 17 delas (16,3%) com 
presença do SRY em todas, sendo que quatro delas (3,8%) apresentaram 
também o gene TSPY. Dessas pacientes, doze concordaram em realizar a 
gonadectomia profilática. Em dois casos, foi encontrado gonadoblastoma bilateral. 
Em outros dois casos, hiperplasia das células do hilo e, em um deles também 
luteoma estromal. Em nove das pacientes o estudo histopatológico não revelou 
processo neoplásico. Uma das pacientes não concordou em realizar a 
gonadectomia profilática. Devido à idade pré-escolar, três pacientes ainda não 
foram operadas. Uma paciente foi à óbito antes da cirurgia. Não foram 
constatadas alterações significativas entre as gônadas disgenéticas e controles 
na expressão dos genes estudados, exceto para os genes SRY, TSPY e OCT4 
em ambas as gônadas de uma paciente com constituição cromossômica 
45,X/45,X,add(15)(p11). CONCLUSÃO: A investigação sistemática de seqüências 
cromossomo Y-especifícas é clinicamente importante devido ao elevado risco de 
desenvolvimento de gonadoblastoma ou de outras lesões não tumorais 
produtoras de andrógenos nas gônadas disgenéticas de pacientes com o 
cromossomo Y oculto. A análise da expressão de genes que podem estar 
alterados no microambiente das gônadas disgenéticas de pacientes portadoras de 
ST, como o OCT4, SRY e TSPY demonstra que, nesse contexto, a exposição à 
longo prazo desses fatores podem contribuir para a transformação maligna 
mesmo na ausência de alterações histopatológicas. A detecção precoce desses 
eventos pode ser de grande valia na prevenção do desenvolvimento de tumores 
gonadais. 
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O processo de desenvolvimento sexual nos mamíferos se 
inicia no momento da fertilização com o estabelecimento do sexo cromossômico 
do zigoto e é determinado pela interação de genes, fatores transcricionais, 
hormônios e receptores hormonais (Domenice et al, 2002; Val & Swain, 2005; 
Wilhem et al, 2007; Matzuk & Lamb, 2008). 
Vários genes, localizados nos cromossomos sexuais e 
autossômicos, participam dos processos de determinação sexual. Uma complexa 
cascata gênica é formada por uma série de genes que interagem em fases 
restritas ou em diferentes momentos do desenvolvimento do tecido gonadal 
(Domenice et al, 2002; Mello et al, 2005; Camerino et al, 2006; Nicolova & Vilain, 
2006). 
Alterações nos mecanismos de ação, nas interações gênicas 
e também anormalidades na dosagem dos genes envolvidos na determinação 
sexual, seja por insuficiência ou por excesso de expressão gênica dão origem a 
diferentes graus de anormalidades no desenvolvimento gônadal (MacLaughlin & 
Donahoe, 2004; Domenice et al, 2002; Camerino et al, 2006; Nicolova & Vilain, 
2006; Matzuk & Lamb, 2008). 
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A Determinação e Diferenciação sexual em Mamíferos 
A diferenciação e determinação sexual é um processo 
sequencial que envolve, no mínimo, quatro estágios (Goodfellow & Darling, 1988; 
Mello et al, 2005; Val & Swain, 2005): 
§ Sexo genético: determinado pelo sexo cromossômico no 
momento da fertilização (genótipo), 
§ Sexo gonadal: a diferenciação das gônadas em testículos ou 
em ovários determinado pelo sexo genético (XX ou XY), regulado por 
genes específicos localizados nos cromossomos sexuais e autossomos; 
§ Sexo fenotípico: determinado pelo sexo gonadal (ovário ou 
testículo), diferenciando as genitálias interna e externa em feminina e 
masculina;  
§ Diferenciação sexual secundária: que é a resposta de 
vários tecidos aos hormônios produzidos pelas gônadas para completar o 
fenótipo sexual. 
O desenvolvimento do sexo feminino é autônomo e passivo. 
Por volta da oitava-nona semana de vida embrionária, devido a ausência da 
substância inibidora Mülleriana (MIS), os ductos de Müller se desenvolvem e 
apresentam como resultado final as trompas, o útero, a cérvix e o terço superior 
(proximal) da vagina e há, automaticamente, regressão dos ductos de Wolff 
(Josso et al, 1977; Goodfellow & Darling, 1988; Capel, 2000; Richards, 2001) 
(Figuras 1 e 2). 
No sexo masculino, o processo de desenvolvimento se inicia 
por volta da sexta semana de vida intra-uterina e depende gene SRY para 
diferenciar a gônada primitiva em testículo, além de três hormônios testiculares 
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com ações sobre o desenvolvimento da genitália interna e externa (Figuras 1 e 2) 
(Grumbach & Ducharme, 1960; Josso, 1992; Hackel et al, 2002): 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 1. Evento primário na determinação do sexo gonadal que define o 
desenvolvimento da gônada embrionária indiferenciada no sentido masculino ou 
feminino (modificado de Matzuk & Lamb, 2008). 
 
§ MIS – produzido pelas células de Sertoli, é responsável pela 
regressão dos ductos Mullerianos (Josso et al,1977) 
§ Testosterona – produzido pelas células de Leydig, é 
responsável pela diferenciação dos ductos de Wolff em epidídimos, ductos 
deferentes, vesículas seminais e ductos ejaculatórios (Josso et al, 1977) 
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§ DHT (Dihidrotestosterona) – resultante da redução da 
testosterona pela 5α-redutase, se liga a um receptor citoplasmático nas 
células-alvo da genitália externa, promovendo a virilização e, 
consequentemente, a  transformação do tubérculo genital em glande do 
pênis, do seio urogenital em próstata e em uretra prostática, das pregas 
urogenitais em uretra e corpo do pênis e das tumefações laterais em 
escroto (Imperato-McGinley & Zhu, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 2. Desenvolvimento da genitália externa a partir da gônada bipotencial 
(Klonish et al, 2004). 
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Aspectos Moleculares da Determinação e Diferenciação Sexual 
 
Genes localizados nos cromossomos sexuais 
 
O Gene SRY 
O gene SRY (Sex-determining Region on the Y chromosome) 
(OMIM 480000) localizado próximo à região pseudoautossômica do braço curto 
do cromossomo Y (Yp11.3) age como indutor na determinação sexual masculina 
(Sharp et al, 2005). 
A confirmação do SRY como fator determinante testicular foi 
realizada através do experimento de Koopman, no qual a inserção de um 
fragmento de 14 kb de DNA contendo o gene SRY murino em ovos XX fertilizados 
determinou o desenvolvimento da gônada masculina (Koopman et al, 1991).  
Considera-se que sua função como fator de regulação de 
transcrição seja acionar, direta ou indiretamente, a diferenciação das células de 
Sertoli (Rossi et al, 1993). Desta forma, a proteína SRY deve regular a expressão 
de outros genes que participam do processo de determinação do sexo. A 
interação do SRY com os genes da família SOX, especialmente o SOX9, parece 
ser fundamental no desenvolvimento gonadal masculino (Sinclair et al, 1990). 
 
O gene DAX1 
O gene DAX1 (nuclear receptor subfamily 0, group B, member 
1- NR0B1) (OMIM 300200) está localizado na região Xp21.3-p21.2 adjacente ao 
locus da hiperplasia adrenal congênita. A expressão do gene DAX1 foi 
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demonstrada primeiramente nos tecidos esteroidogênicos incluindo o córtex 
adrenal, testículos (células de Leydig), ovários (células da teca e granulosa), além 
da hipófise, do hipotálamo e da crista urogenital (Bardoni et al, 1994; Muscatelli et 
al, 1994; Swain et al, 1998).  
A dupla dosagem ativa do gene DAX1, em indivíduos com 
duplicação Xp, mesmo na presença de um gene SRY funcionalmente normal, 
determina a perda da atividade repressora do SRY. Assim, a função do gene 
DAX1 de inibir outros genes responsáveis pelo desenvolvimento gonadal 
masculino não estaria mais adequadamente reprimida pelo SRY (Bardoni et al, 
1994; Swain et al, 1998). 
Em estudos com camundongos transgênicos a expressão 
aumentada do gene Dax1 induziu o desenvolvimento de animais com sexo 
reverso. Este achado sugere um possível papel do gene DAX1 no 
desenvolvimento de gônadas disgenéticas em pacientes portadores de duplicação 
de Xp (Swain et al, 1998). 
 
O gene ATRX  
O gene ATRX (X-linked nuclear protein gene) (OMIM 300032) 
está localizado no braço longo do cromossomo X (Xp13) e está relacionado ao 
desenvolvimento testicular humano. A proteína ATRX pode estar envolvida na 
regulação da transcrição gênica via modulação da estrutura da cromatina 
(Gibbons et al, 1995; Gibbons et al, 2000).  
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Genes localizados nos cromossomos autossomos 
 
O gene STRA8 
O gene STRA8 (Stimulated by Retinoic Acid 8) (OMIM 
609987) está localizado no braço longo do cromossomo 7 (7q31). Estudos 
recentes em camundongos mostraram que o gene é requerido para a transição da 
meiose nas células germinativas de ambos os sexos. O gene STRA8 é expresso 
no período embrionário nos ovários apenas antes do início da meiose, porém está 
expresso nos testículos após o nascimento (Koubova et al, 2006; Houmard et al, 
2009). 
Anderson et al (2008) estudaram testículos de jovens 
camundongos C57BL/6 Stra8-deficientes e verificaram que o desenvolvimento 
mitótico precoce das células germinativas parecia não estar alterado. No entanto, 
as células germinativas falharam na modificação morfológica que define a prófase 
meiótica e não apresentaram os marcadores moleculares de coesão, sinapse e 
recombinação cromossômica. Os autores concluíram que em camundongos, o 
gene Stra8 regula o início da meiose, tanto na espermatogênese como na 
ovogênese. 
 
O gene SF1  
O gene SF1 (Nuclear receptor steroidogenic factor 1) (OMIM 
184757) humano está localizado no braço longo do cromossomo 9 (9p34). O gene 
SF1 foi primeiramente identificado como um ativador de genes envolvidos na 
biossíntese dos esteróides. Ele age como um regulador da função endócrina no 
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eixo hipotálamo-hipófise-gonadal e no córtex adrenal, sendo um fator essencial na 
determinação e diferenciação sexual (Luo et al, 1994). 
A expressão do SF1 é necessária em três momentos: durante 
o desenvolvimento testicular, na gônada bipotencial antes da determinação 
testicular, nas células de Sertoli, regulando a expressão do gene do hormônio 
anti-mülleriano e nas células de Leydig, regulando a produção de hormônios 
esteróides (Achermann et al, 2002). 
Estudos de expressão gênica em camundongos mostraram 
que camundongos fêmeas ou machos com bloqueio da atividade do gene SF1 
apresentaram genitália interna e externa feminina e morreram no período 
neonatal por insuficiência adrenal. Esses animais apresentam ausência do 
desenvolvimento gonadal e adrenal e alterações na atividade dos gonadotrófos 
(Achermann et al, 2002; Luo et al, 1994; Val & Swain, 2005). 
 
O gene WT1 
O gene WT1 (Wilms Tumor supressor locus – gene 1) (OMIM 
194070) em humanos está localizado no braço curto do cromossomo 11 (11p13). 
O gene WT1 é expresso muito precocemente durante o desenvolvimento da crista 
urogenital e está envolvido no desenvolvimento renal e gonadal precoce 
(Pritchard-Jones et al, 1990). Em camundongos, a perda em homozigose do gene 
WT1 determina a ausência de desenvolvimento renal e gonadal, e a genitália 
interna e externa desses animais desenvolve-se no sentido feminino (Kreiberg et 
al, 1993). 
Deleções neste gene em heterozigose são associadas com 
malformações geniturinárias leves e predisposição para o desenvolvimento de 
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tumores renais na infância (van Heyningen et al, 1990; Pelletier et al, 1991; Koziell 
et al, 2000). 
 
O gene SOX 9  
O gene SOX9 (SRY-related high-mobility group (HMG) box 9) 
(OMIM – 114290) está localizado no braço longo do cromossomo 17 em 17q24, 
codifica um fator de transcrição que também participa diretamente na 
transformação das gônadas bipotenciais em testículos de embriões de sexo 
genético masculino e regula a expressão do hormônio anti-Mülleriano (de Santa 
Barbara et al, 2000). Estudos da expressão do gene Sox9 em camundongos 
demonstraram que o gene está expresso em baixos níveis nos primórdios 
gonadais femininos e masculinos, que persiste nas células de Sertoli, 
desaparecendo no tecido ovariano ao longo do tempo (Wagner et al, 1994; Huang 
et al, 1999). O gene SOX9 é também um ativador do gene do colágeno tipo II 
(COL2), que é essencial para a formação da matriz extracelular da cartilagem 
(Foster et al, 1994; Wagner et al, 1994). 
É um gene com participação ativa na determinação testicular 
e está sujeito à regulação de diferentes genes entre os quais o SRY e o DAX1. A 
expressão aumentada de SOX9 pode determinar o desenvolvimento da gônada 
masculina, mesmo na ausência do gene SRY (Mansour et al, 1995). 
 
O gene WNT4  
O gene WNT4 (Wingless-type mouse mammary tumor virus 
integration site member 4) (OMIM 603490) está localizado no braço curto do 
cromossomo 1 (1p31-p35). É expresso precocemente no mesonefron e na 
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gônada.  Sua expressão é diminuída no testículo, porém, permanece no ovário. 
Assim, o WNT4 tem papel na diferenciação feminina, sendo necessário para o 
desenvolvimento do ovário e dos Ductos de Müller (Vainio et al, 1999). 
 
Os genes DMRT1 e DMRT2  
Os genes DMRT1 e DMRT2 (Doublesex and Mab-3 Related 
Transcripition Factor 1 and 2) (OMIM – 602424 e 604935) estão localizados no 
braço curto do cromossomo 9 (9p24.3) e codificam proteínas que contém o núcleo 
de ligação ao DNA denominado DM (a zinc finger-like DNA binding motif) (relativo 
aos genes dsx e mab-3 relacionados ao controle do desenvolvimento sexual, 
respectivamente, em Caenorhabditis elegans e Drosophila melanogaster). São 
genes evolutivamente conservados e relacionados ao desenvolvimento gonadal 
(Muroya et al, 2000).  
A presença de sexo reverso em indivíduos 46,XY é descrita 
em associação com deleções 9p. O estudo da região codificadora do gene 
DMRT1 e no domínio DM do gene DMRT2 em pacientes com sexo reverso 46,XY 
porém, não identificou mutações nestes pacientes (Muroya et al, 2000). 
Embora os dois genes apresentem o domínio de regulação 
gênica DM, apenas o gene DMRT1 tem sido considerado como candidato ao 
gene responsável pelo desenvolvimento testicular anormal no cromossomo 9 com 
base no seu padrão de expressão embrionária e localização cromossômica (Pask 
et al, 2003). 
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Os genes GATA4 e FOG2 
O fator de transcrição GATA4 (GATA binding protein 4) 
(OMIM 600576), localizado em 8p23.1, atua na gonadogênese humana através 
da ativação da expressão do gene MIS (Molkentin, 2000; Ketola et al, 2000). O 
fator de transcrição FOG2 é um cofator essencial do GATA4, no desenvolvimento 
ovariano (Svensson et al, 1999; Lu et al, 1999; Svensson et al, 2000).  
Anttonen et al (2003) estudaram em detalhe a expressão dos 
genes FOG2 e GATA4 no ovário de fetos e posnatais de camundongos e no 
testículo fetal dos camundongos por Northern blotting, hibridação de RNA in situ e 
imunohistoquímica. Os autores observaram expressão dos genes GATA4 e FOG2 
na crista urogenital bipotencial, e a persistência da expressão no ovário de fetos 
de camundongos. Em contrapartida, a expressão do gene FOG2 foi perdida nas 
células de Sertolli fetais acompanhada da formação do cordão testicular, levando 
à hipótese de que esse gene tem um papel específico nos ovários fetais, 
neutralizando a transativação do MIS pelo gene GATA4. Além disso, a 
transfecção in vitro revelou que o gene FOG2 é capaz de reprimir o efeito do 
GATA4 na transativação do MIS nas células da granulosa. Em ovários pós-natais, 
as células da granulosa dos folículos em crescimento expressaram FOG2, 
sobrepondo parcialmente a expressão do MIS.  
 
Erros na Determinação e Diferenciação Sexual 
Erros na determinação e diferenciação sexual ocorrem 
quando há incompatibilidade entre o cariótipo, as gônadas e o fenótipo. Erros no 
sexo cromossômico são ocasionados por aberrações cromossômicas, como, por 
exemplo, a Síndrome de Turner. 
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A Síndrome de Turner 
Em 1930, o pediatra alemão Otto Ullrich relatou o caso de 
uma menina de oito anos de idade que apresentava palato em ogiva, ptose 
palpebral, orelhas de implantação baixa, linfedema, baixa estatura, ausência de 
desenvolvimento de mamas, ausência ou quantidade mínima de pêlos pubianos e 
axilares, cúbito valgo e pescoço alado (Beiguelman, 1982). 
Em 1938, Henry Turner publicou a descrição de pacientes do 
sexo feminino que se caracterizavam por apresentar os mesmos sintomas e 
características descritas por Otto Ullrich (1930). Quatro anos depois, Varney et al 
(1942) e Albright et al (1942), independentemente, demonstraram em pacientes 
com sinais clínicos semelhantes aos daquelas descritas por Turner que, após a 
idade puberal, apresentavam um elevado nível de gonadotrofinas urinárias, 
estabelecendo que se tratava de uma anormalidade da função gonadal e não uma 
deficiência hipotalâmica ou hipofisária. Em l944, Wilkins e Fleischmann 
observaram em análises histológicas que as pacientes com os sinais descritos por 
Turner (1938), Varney et al (1942) e Albright et al (1942) deveriam ter gônadas 
em fita e que todos esses autores estavam estudando a mesma síndrome: a 
síndrome de Turner. 
A síndrome de Turner é uma das anomalias cromossômicas 
mais comuns em humanos, presente em 1:2000 nascidos vivos com fenótipo 
feminino (Lippe, 1991).  A primeira investigação cromossômica dessa síndrome 
foi realizada na Escola Paulista de Medicina em 1954 por Décourt e 
colaboradores (Décourt et al, 1954) que demonstraram que os sinais fenotípicos 
característicos da síndrome de Turner eram decorrentes da ausência da 
cromatina sexual. Em 1959, Ford et al descreveram a anormalidade 
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cromossômica que caracterizava a síndrome de Turner: monossomia do 
cromossomo sexual X, o cariótipo 45,X. 
 
Diversidade fenotípica na Síndrome de Turner 
Os indivíduos portadores apresentam um fenótipo 
extremamente variável. Apesar das gônadas indiferenciadas, as pacientes com 
Síndrome de Turner têm genitália externa e interna claramente feminina; no 
entanto, o útero apresenta tamanho pequeno, uma vez que seu pleno 
desenvolvimento depende de estímulos hormonais. As gônadas são, em regra 
geral, duas fitas fibrosas, nas quais não se detectam células germinativas nem 
formações foliculares, mas somente um tecido que lembra o estroma do córtex 
ovariano (Lippe, 1991). 
Outros sinais encontrados podem incluir pavilhão auricular 
dismórfico com o eixo longitudinal em posição oblíqua, olhos com fundo palpebral 
antimongolóide, pregas epicânticas internas, palato em ogiva, retrognatismo, 
distância intermamilar aumentada, esterno curto, malformações cardiovasculares 
(sendo as mais comuns a coarctação da aorta e os defeitos do septo ventricular), 
malformações renais (como rim em ferradura, duplicação uretral e agenesia 
unilateral do rim) e hipoplasia do quarto ou quinto metacarpiano e metatarsiano 
(Beiguelman, 1982). O crescimento das mamas em portadoras da Síndrome de 
Turner é bem mais lento que o das mamas em indivíduos normais. Visto que as 
mulheres com Síndrome de Turner apresentam disgenesia gonadal, as alterações 
endócrinas típicas de puberdade não ocorrem, sendo frequentemente referida a 
amenorréia primária (Lippe, 1991; Elsheikh et al, 2002; Frias & Davenport, 2003; 
Stratakis & Rennert, 2005) (Figuras 3 e 4). 
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Figura 3. Características clínicas mais frequentes na Síndrome de Turner 
(Modificado de Stratakis & Rennert, 2005). 
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Figura 4. Características clínicas comuns na Síndrome de Turner: A) pescoço 
alado, B) linfedema dos pés, C) cúbito valgo e D) baixa estatura em gêmeas 
discordantes para a síndrome (As pacientes assinaram o consentimento 
informado autorizando a publicação das fotos) (Arquivo do grupo de Gônadas e 
Desenvolvimento da UNIFESP).  
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Características genéticas da Síndrome de Turner 
Citogeneticamente, a síndrome é caracterizada por uma 
monossomia de cromossomo sexual (45,X) em indivíduos fenotipicamente 
femininos. Esse cariótipo pode ser verificado em 50-60% dos casos (Lippe, 1991; 
Stratakis & Rennert, 1994) (Figura 5). O restante das pacientes apresentam 
mosaicos com uma linhagem celular 45,X acompanhada de outras com dois ou 
mais cromossomos X. Aproximadamente 30% dos casos apresentam alterações 
estruturais do cromossomo X (isocromossomo do braço longo, cromossomos 
dicêntricos, deleção do braço curto, cromossomo em anel), em cariótipos 
homogêneos ou com mosaicismo, incluindo uma linhagem celular 45,X e 
finalmente, cerca de 5% são constituídos por pacientes com alterações estruturais 
do cromossomo Y (isocromossomo do braço longo e cromossomo dicêntrico), 
bem como mosaicos, com uma linhagem celular acompanhada de outras que 
incluem ao menos um cromossomo Y íntegro ou não (Beiguelman, 1982).  
Dados de literatura referem que um segundo cromossomo sexual 
é necessário à sobrevivência do feto e, desse modo, virtualmente todo nascido 
vivo 45,X apresentaria mais de uma linhagem celular compondo seu cariótipo, 
constituindo assim um mosaico (Held et al, 1992). Essa condição seria necessária 
a pelo menos alguns órgãos, durante determinado período da embriogênese. 
Essa hipótese se baseia em dois pontos principais (Hook & Warbuton, 1983; 
Hassold et al, 1988): 
1) a frequência de mosaicismo do cromossomo sexual é muito superior 
em nascidos vivos com Síndrome de Turner em relação a observada em 
abortos (Warbuton, 1983); 
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Figura 5. Cariótipo 45,X característico da Síndrome de Turner (Arquivo do grupo 
de Gônadas e Desenvolvimento da UNFESP). 
 
2) estima-se que, aproximadamente 99% dos embriões puramente 45,X 
morrem no útero (Hassold et al, 1988). Todavia, a seleção natural nem sempre 
prevalece quando o mosaicismo está presente (Hook & Warburton, 1983; Hassold 
et al, 1988), apesar do resultado fenotípico ser semelhante. 
Além disso, uma comparação com outras anomalias 
cromossômicas numéricas tais como a Síndrome de Down ou trissomia do 
cromossomo 18, revela que a incidência da Síndrome de Turner não aumenta 
conforme a idade materna (Carothers et al, 1980; Ferguson-Smith & Yates, 1984). 
Tais achados falam contra uma não disjunção meiótica como o principal 
mecanismo de geração do cariótipo 45,X. Clinicamente, ao contrário de outras 
síndromes cromossômicas, mesmo o paciente com cariótipo puramente 45,X 
apresenta fenótipos completamente distintos. Com exceção da baixa estatura, 
que parece ser uma característica geral, as demais são achados inconsistentes. 
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Uma das possíveis explicações para o fato seria o mosaicismo não detectado, 
uma vez que o diagnóstico geralmente é realizado após a análise de 5 a 30 
linfócitos de sangue periférico para determinação do cariótipo. Além disso, a 
segunda linhagem celular está frequentemente presente na proporção de 1 a 2% 
das células do indivíduo (Yorifuji et al, 1997). 
Em cerca de 99% dos conceptos humanos de cariótipo 45,X 
ocorre uma perda natural no primeiro estágio de desenvolvimento embrionário 
(Hook & Warburton 1983; Hassold et al, 1988). Apenas 1% dessas fertilizações 
obtêm sucesso e geralmente manifestam características da Síndrome de Turner 
(Turner, 1938). Tanto a mortalidade embrionária como o fenótipo característico da 
Síndrome de Turner são considerados resultados da monossomia de genes em 
comum do cromossomo X e Y (região pseudo-autossômica), além dos genes que 
escapam ao processo de inativação e estão localizados no braço curto do 
cromossomo X (Ferguson-Smith, 1965). Nas mulheres, está claro que esses 
genes são expressos tanto no cromossomo X ativo como no inativo, como um 
meio de assegurar a quantidade certa de produto genético. Acredita-se que um ou 
mais desses genes sejam responsáveis pela Síndrome de Turner (Burgoyane, 
1989; Fisher et al, 1990). 
A hipótese mais provável preconiza a existência de um efeito 
protetor do feto (Held et al, 1992) para um ou mais genes presentes tanto no 
cromossomo X quanto no Y. De acordo com essa hipótese, duas cópias do gene 
devem estar presentes, tanto no feto quanto nos tecidos extra-embrionários 
(Kalousek et al, 1987). 
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Mosaicismo cromossômico na Síndrome de Turner 
O mosaicismo é definido como a presença num indivíduo ou 
tecido de pelo menos duas linhagens celulares, que diferem geneticamente, mas 
provêm de um único zigoto (Thompson, 2007). 
A detecção de mosaicismo é determinada, principalmente, por 
quatro fatores: o tipo e o número de tecidos analisados, o número de células 
estudadas (Hook 1977), a sensibilidade das técnicas aplicadas e a possibilidade 
de seleção, que pode resultar na eliminação de linhagens celulares ao longo do 
desenvolvimento (Procter et al, 1984;  Held et al, 1992). A presença de 
mosaicismo em baixa freqüência pode não ser detectada pela técnica de 
citogenética clássica, pois esse tipo de análise requer um número grande de 
células. A aplicação de técnicas moleculares, como a Hibridação in situ 
Fluorescente (FISH) e a Reação em Cadeia da Polimerase (PCR), melhora 
substancialmente a detecção de linhagens celulares em baixa frequência e de 
possíveis alterações estruturais (Fernandes et al, 1996). 
Linfócitos de sangue periférico são geralmente o material de 
escolha para a análise citogenética de pacientes com suspeita de ST, uma vez 
que esse tecido é de fácil obtenção. No diagnóstico laboratorial, a análise 
citogenética é feita em cerca de 15 a 30 metáfases, o que pode detectar por volta 
de 10% de mosaicismo. Se a hipótese de que toda portadora da ST apresente 
mosaicismo for verdadeira, então pacientes que apresentem mosaico para uma 
segunda linhagem celular em uma freqüência inferior a 10% nas células do 
sangue, esse pode não ser detectado pela análise citogenética (Quilter et al, 
1998).  
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Outro problema a ser considerado constitui a análise de 
diferentes tecidos, uma vez que o mosaicismo pode não ser detectado no sangue 
periférico, mas pode ser significativo em amostras de tecidos de outras origens 
embrionárias, como por exemplo, a mucosa bucal (Quilter et al, 1998, Hanson et 
al, 2001, 2002).  
 
 
 
 
 
 
 
 
 
Figura 6. Cariótipo apresentando mosaicismo cromossômico determinado 
presença de duas linhagens celulares: uma 45,X e outra linhagem 46,XX (Arquivo 
do Grupo de Gônadas e Desenvolvimento da UNIFESP). 
 
A presença de material cromossômico do Y, identificado em 
indivíduos com Síndrome de Turner pode ser investigada tanto citogeneticamente 
quanto com a utilização de abordagens moleculares diversas (Chu et al, 1995), 
essas últimas com a vantagem de não necessitar de culturas de células, além de 
requerer uma quantidade pequena de material biológico. Dessa forma, a 
utilização de métodos moleculares na detecção de sequências cromossomo Y-
específicas tornou-se uma ferramenta imprescindível (Lobaccaro et al, 1993; 
Lopes et al, 1998; Chu et al, 1999; Bianco et al, 2006; Bianco et al, 2008).  
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Nazarenko et al (1999) verificaram que a análise citogenética 
pode não fornecer informações precisas sobre a presença de mosaicismo 
cromossômico em pacientes com Síndrome de Turner. A análise adicional de 
células de tecidos de diferentes origens embrionárias (linfócitos da mesoderme 
associada à análise de células do epitélio bucal da endoderme) por exemplo, 
permitem um definição mais precisa do diagnóstico citogenético. A análise por 
FISH com sonda para o cromossomo X permitiu um resultado mais acurado, 
evidenciando que 29% das 50 pacientes analisadas com monossomia pura 
detectada por cariótipo apresentavam, na verdade, mosaicos. Ainda segundo 
esses autores, foi observado que havia uma constituição cromossômica distinta 
em diferentes tecidos do mesmo indivíduo, salientando a possibilidade de que 
alterações cromossômicas ou a presença de um segundo cromossomo sexual 
podem estar ausentes no sangue, mas presentes em outros tecidos. 
Segundo Mendes et al (1999), 25% dos cariótipos na ST 
apresentam mosaicismo. Sequências cromossomo Y-específicas podem ser 
observadas em aproximadamente 40% desses casos de mosaicismo. De acordo 
com Lopez et al (1998) a dificuldade de se comparar a frequência de sequências 
cromossomo Y-especifícas ou do cromossomo Y em pacientes com ST é 
ocasionada, principalmente, pela variabilidade no número de pacientes 
analisados, pela frequência de mosaicismo com cromossomo X normal e anormal, 
pelo número de casos com marcadores cromossômicos, pela metodologia 
molecular aplicada em cada estudo e pelas sequências cromossomo Y-
específicas estudadas. Esses autores ainda usaram uma combinação de métodos 
de citogenética e de análise molecular do DNA para o estudo da presença de 
material derivado do cromossomo Y em 50 pacientes portadoras da Síndrome de 
 ______________________________________________________________________ 
Bianca Bianco  
24
Turner e os resultados moleculares revelaram uma frequência de 12% de 
sequências cromossomo Y-específicas que anteriormente era de 2%, segundo a 
citogenética clássica. 
A investigação por Reação em Cadeia da Polimerase, PCR, é 
mais efetiva do que a análise citogenética para a detecção de mosaicismo oculto 
envolvendo o cromossomo Y, e pode ser também mais efetiva por meio de uma 
abordagem de múltiplos tecidos, aumentando as chances de verificação de 
mosaicismo, caso esteja presente (Chu et al, 1999). 
Guedes et al (2006) estudaram uma menina que apesar do 
cariótipo 45,X/46,X,der(Y), não apresentava sinais de virilização e/ou estigmas 
clínicos da Síndrome de Turner, exceto uma redução da velocidade de 
crescimento e baixa estatura para a idade cronológica. Após a realização de 
gonadectomia profilática devido ao risco de desenvolvimento de gonadoblastoma, 
amostras de sangue periférico e do material gonadal foram estudadas por FISH e 
PCR em busca de sequências cromossomo Y-específicas. Essas análises 
revelaram que o cromossomo derivado de Y era, na verdade, um cromossomo 
isodicêntrico de Yp e mostrou uma diferença significante na distribuição do 
mosaicismo nos dois tecidos estudados. Embora no sangue periférico 97,5% das 
células analisadas fossem 46,X,idic(Yp) com duplicação do gene SRY, isso não 
determinou nenhum grau de diferenciação sexual masculina, uma vez que no 
tecido gonadal 60% das células analisadas eram 45,X, sugerindo que o 
mosaicismo tecido-específico contribuiu, de modo decisivo, para o 
desenvolvimento sexual feminino nessa paciente. 
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Tumores Gonadais nas Anormalidades da Diferenciação e Determinação Sexual (DSD - 
Desorders of Sexual Development) 
Anormalidades na organogênese gonadal podem levar ao 
desenvolvimento de tumores gonadais (Verp & Simpson, 1987), especialmente, 
em pacientes com gônadas disgenéticas (Lipay et al, 2005). 
Pacientes com diferentes formas de anomalias da 
diferenciação sexual (DSD – Desorders of Sexual Development), como foi 
definido recentemente no Consensus Statement of Management of Intersex 
Disorders (Hughes et al, 2006), tem um risco aumentado de desenvolvimento de 
tumores de células germinativas (GCTs – Germ-Cell Tumors). 
Há três categorias principais de tumores de ovário: Tumor da 
superfície do epitélio estromal, tumor do cordão sexual e tumor de células 
germinativas. Os GCTs representam um complexo grupo de neoplasias, cujo 
sistema de classificação é baseado em diversos parâmetros, tais como: idade da 
apresentação, localização anatômica do tumor, sexo, histologia, além da 
constituição cromossômica do paciente (Oosterhuis et al, 1997; Looijenga & 
Oosterhuis, 2002). Os tumores são agrupados em disgerminomas e não 
disgerminomas do ovário e gônadas disgenéticas. 
Vários fatores de risco foram identificados para esses tipos de 
GCTs, em particular, aqueles relacionados às gônadas, incluindo criptorquidismo 
e disgenesias gonadais (Scully, 1970; Skakkebaek, 2003). O prognóstico das 
pacientes pode variar, dependendo do tipo de cariótipo presente. A consideração 
mais importante diz respeito ao elevado risco de desenvolvimento de 
gonadoblastoma (GB), visto que a presença de material do cromossomo Y em 
pacientes com gônadas disgenéticas aumenta o risco de tumores gonadais, 
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especialmente gonadoblastoma (Scully, 1970), ou mesmo de virilização na 
puberdade, caso seqüências cromossomo Y-específicas estejam presentes 
(Osipova et al, 1998). 
O gonadoblastoma é considerado a lesão precursora dos 
tumores das gônadas disgenéticas, uma vez que é um tumor misto de células 
indiferenciadas que recapitula o desenvolvimento gonadal (Scully, 1970) com 
potencial para progredir para um GCT invasivo, principalmente o disgerminoma 
(DG) em 60% dos casos, e menos frequentemente, para outros tumores, como o 
carcinoma embrionário, o teratoma, o tumor do saco vitelino e o corioncarcinoma 
(Skakkebaek, 2003). O hiperandrogenismo é um fenômeno comumente associado 
ao gonadoblastoma, especialmente se há a coexistência de um disgerminoma 
(Rosen et al, 1988). 
Por ser um tumor raro, o GB não foi extensivamente 
estudado, o que poderia aumentar significativamente a compreensão das 
diferentes etapas da fisiopatologia envolvida no desenvolvimento dos GCTs 
malignos. Tanto a idade de aparecimento quanto a constituição genômica 
sugerem que o GB é a neoplasia precursora de um GCT maligno (Kildal et al, 
2003). 
Existem fortes indícios que o GB seja o resultado de um 
distúrbio na maturação das células germinativas. Este modelo é apoiado por 
observações epidemiológicas e morfológicas, como a presença de marcadores 
imunohistoquímicos de células germinativas (fosfatase alcalina placentária –
PLAP) e oncogenes (KIT) (Hustin et al, 1990; Jorgensen et al, 1997; Slowikowska-
Hilezer et al, 2001) revelam expressão do gene TSPY (testis-speific protein on the 
Y chormosome)  nos GBs (Hildenbrand et al, 1999; Lau et al, 2001).  
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Tumores Gonadais e o Cromossomo Y 
Cerca de 5% dos pacientes com Síndrome de Turner 
apresentam algum grau de hiperandrogenismo peripuberal, variando de um 
discreto hirsutismo até a clitoromegalia, com virilização da genitália externa 
(Lippe, 1991). Esse quadro pode apenas refletir um mosaicismo gonadal, no qual 
a expressão clínica da atividade androgênica pode estar condicionada pela 
presença de sequências cromossomo Y-específicas contendo o fator 
determinante testicular (SRY) e não necessariamente a transformação neoplásica 
em um gonadoblastoma ou mesmo disgerminoma (Sinclair et al, 1990). 
O papel do cromossomo Y na oncogênese dos tumores 
gonadais humanos é ainda controverso. Todavia, a identificação do mosaicismo 
do cromossomo Y é importante do ponto de vista clínico, devido ao elevado risco 
de formação tumoral, especialmente, o gonadoblastoma, ou de outras lesões não 
tumorais produtoras de andrógenos nas gônadas disgenéticas em pacientes com 
o cromossomo Y estruturalmente normal ou oculto (Bianco et al, 2009). 
    Estudos prévios encontraram freqüências de material oculto 
do cromossomo Y que variaram de 0 a 60%. Diversos fatores contribuem para 
essa variabilidade de achados: a seleção das pacientes, o número de metáfases 
analisadas na citogenética, o tamanho da amostra, a metodologia utilizada e as 
seqüências do cromossomo Y estudadas (Hook and Warbuton, 1983, Mendes et 
al, 1999; Kocova et al, 1993; Coto et al, 1995; Lopez et al, 1998; Mancilla et al, 
2003; Binder et al, 1995; Yorifuji et al, 1997; Osipova et al, 1998; Damiani et al, 
1999; Gravholt et al, 2000; Canto et al, 2004; Bianco et al, 2006; Semerci et al, 
2007).  
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    O gene SRY (Hook and Warbuton, 1983; Mendes et al, 1999; 
Kocova et al, 1993; Coto et al, 1995; Lopez et al, 1998; Mancilla et al, 2003; 
Binder et al, 1995; Yorifuji et al, 1997; Osipova et al, 1998; Damiani et al, 1999; 
Gravholt et al, 2000, Bianco et al, 2006, Araújo et al, 2008, Bianco et al, 2009) e o 
DYZ3 (Hook and Warbuton, 1983; Mendes et al, 1999; Kocova et al, 1993; Coto et 
al, 1995; Lopez et al, 1998; Mancilla et al, 2003; Binder et al, 1995; Damiani et al, 
1999; Bianco et al, 2006; Semerci et al, 2007, Araújo et al, 2008, Bianco et al, 
2009) são as sequências, respectivamente, mais utilizadas nos estudos. Contudo, 
quais marcadores do cromossomo Y são mais relevantes nessa abordagem ainda 
é motivo de controvérsia. Em geral, o gene SRY é a sequência mais utilizada, 
tanto devido à sua localização quanto ao importante papel na cascata de 
diferenciação sexual (Harley et al, 2003).   
No entanto, com a identificação de novos genes no 
cromossomo Y e a suspeita, não confirmada, de um gene específico associado ao 
desenvolvimento de gonadoblastoma, outras regiões foram associadas ao 
desenvolvimento desses tumores (Tsuchiya et al, 1995). 
O GBY (Sinclair et al, 1990) é um gene supostamente 
relacionado à presença de tumores originários de gonadas disgenéticas. 
Provavelmente este gene está localizado em uma pequena região do braço curto 
do cromossomo Y, próximo ao centrômero (Tsuchiya et al, 1995). 
O TSPY é um gene candidato ao locus GBY (Lócus 
gonadoblastoma on the Y) relacionado ao desenvolvimento de GB e que 
potencialmente corrobora e o envolvimento de uma região específica do 
cromossomo Y nesse tipo tumoral (Page, 1987; Salo, 1995). Esse gene é 
frequentemente expresso em tumores de origem germinativa e tem sido 
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relacionado ao desenvovimento do gonadoblastoma por diversos autores (Tsukia 
et al, 1995; Vogel e Schmidtke et al, 1998; Lau, 1999; Hildenbrand et al, 1999; 
Delbrigde et al, 2004). Hildenbrand et al (1999) estudaram uma paciente com ST 
e cariótipo 45,X/46,X,+mar que desenvolveu gonadoblastoma unilateral. As 
abordagens citogenética e molecular confirmaram que o marcador era do 
cromossomo Y. A análise do material gonadal por imunohistoquímica revelou 
níveis de expressão da proteína TSPY. 
Além disso, o gene POU5F1 (OCT4), localizado em 6p21.31, 
é expresso nas células-tronco pluripotentes e nas células germinativas de 
camundongos e humanos (Schöler et al, 1990; Okamoto et al, 1990; Rosner et al, 
1990; Pêra et al, 1998; Goto et al, 1999; Hansis et al, 2000). Um perfil 
imunohistoquímico extenso para a expressão da proteína POU5F1 foi feito em 
vários tipos de células tumorais germinativas o que detectou sua expressão 
somente em células de gonadoblastoma, seminoma, disgerminoma e no 
carcinoma embrionário (Looijenga et al, 2003). 
Considerando que a detecção de sequências cromossomo Y-
específicas em pacientes com Síndrome de Turner é um fato necessário à 
prevenção do desenvolvimento de gonadoblastoma, aspectos clínicos como, por 
exemplo, sinais de hiperandrogenismo devem ser também considerados no 
seguimento dessas pacientes, em especial quando tratadas com o hormônio de 
crescimento, uma vez que a administração desse hormônio (somatotropina) nas 
pacientes portadoras de fragmentos do cromossomo Y pode levar ao 
desenvolvimento dessa neoplasia ou de outros tumores secretores de andrógeno 
(Rosen et al, 1988; Guedes et al, 2008). 
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Uma vez que a complicação mais temida é a malignização 
das gônadas, há necessidade de se aperfeiçoar a metodologia de detecção das 
condições que predispõem ao desenvolvimento dessas neoplasias (Yorifuji et al, 
1997; Lopez et al, 1998; Osipova et al, 1998; Mendes et al, 1999; Nazarenko  et 
al, 1999; Vlasak et al, 1999; Copelli et al, 2000; Fernandez-Garcia et al, 2000; 
Cervantes et al, 2000; Bianco et al, 2006), bem como de se identificar pacientes 
sob risco, de modo a estabelecer uma conduta preventiva (Chu & Connor, 1995). 
 
 
 
 
 
 
 
 
Figura 7. A) Aumento de 200X mostrando gonadoblastoma caracterizado por um 
agregado de células germinativas e células epiteliais circundadas por um espaço 
circular. B) Anatomia histológica de um disgerminoma caracterizado por células 
uniformes, com citoplasma claro ópticamente vazio, núcleo grande, com um ou 
dois nucléolos proeminentes, estroma abundante fibroso (Arquivo do Grupo de 
Gônadas e Desenvolvimento da UNIFESP/EPM). 
 
O gene SRY, cujo importante papel na determinação e 
diferenciação sexual já é bem conhecido desde os trabalhos iniciais de Page 
(Page, 1987; Koopman et al, 1991), representa um elo intermediário na cadeia de 
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sinalização que transcorre durante o desenvolvimento embrionário, que funciona 
simultaneamente como ativador e também sendo regulado por diversos genes 
(SOX9; WT1; SF1, entre outros), no processo de fundamental importância na 
diferenciação celular e, consequentemente na determinação do micro-ambiente 
gonadal, que passa a interagir desse modo com a presença de andrógenos 
(Bianco et al, 2008). 
Canto et al (2004) estudaram por PCR 107 portadoras da 
Síndrome de Turner com cariótipo 45,X. Foi identificado material do cromossomo 
Y  em dez (9,3%) das pacientes. A gonadectomia profilática foi indicada e, das 
seis pacientes que concordaram em realizar a cirurgia, duas apresentaram 
gonadoblastoma, revelando uma incidência de 33%. 
Bianco et al (2006) estudaram 20 pacientes com ST por PCR 
em amostras de diferentes tecidos e encontraram que sete (35%) das pacientes 
45,X apresentavam sequências cromossomo Y-específicas em pelo menos um 
tecido estudado. Dessas pacientes, quatro (14%) foram submetidas à 
gonadectomia profilática e um gonadoblastoma bilateral foi encontrado numa 
paciente de 16 anos. A presença de sequências do cromossomo Y nessa 
pacientes não estava associada à virilização, indicando que a ausência dessa 
característica não exclui a possiblidade de detecção de fragmentos ocultos do 
cromossomo Y. 
 
 
 
 ______________________________________________________________________ 
Bianca Bianco  
32
 
 
 
 
 
 
 
Referências Bibliográficas 
 ______________________________________________________________________ 
Bianca Bianco  
33
Achermann JC, Ozisik G, Ito M, Orun UA, Harmanci K, Gurakan B, Jameson JL. 
Gonadal determination and adrenal development are regulated by the orphan 
nuclear receptor steroidogenic factor-1, in a dose-dependent manner. J Clin 
Endocrinol Metab 2002;87(4):1829-33.  
Albright F and Smith PH. A syndrome characterized by primary ovarian 
insufficiency and decreased stature. Report of eleven cases, with a 
digression on hormonal control of axillary and pubic hair. Am J Med Sci 
1942;204: 625-648.  
Anderson EL, Baltus AE, Roepers-Gajadien HL, Hassold TJ, de Rooij DG, van Pelt 
AM, Page DC. Stra8 and its inducer, retinoic acid, regulate meiotic initiation in 
both spermatogenesis and oogenesis in mice. Proc Natl Acad Sci U S A 
2008;105(39):14976-80. 
Anttonen M, Ketola I, Parviainen H, Pusa AK, Heikinheimo M. FOG-2 and GATA-4 
Are coexpressed in the mouse ovary and can modulate mullerian-inhibiting 
substance expression. Biol Reprod 2003;68(4):1333-40.  
Araujo C, Galera MF, Galera BB, Silvestre FG, Medeiros SF. Molecular 
identification of chromosome Y sequences in Brazilian patients with Turner 
syndrome. Gynecol Endocrinol. 2008;24(12):713-7.  
Bardoni B, Zanaria E, Guioli S, Floridia G, Worley KC, Tonini G, Ferrante E, 
Chiumello G, McCabe ER, Fraccaro M, et al. A dosage sensitive locus at 
chromosome Xp21 is involved in male to female sex reversal. Nat Genet 
1994;7(4):497-501 
Beiguelman,B. Citogenética Humana. Rio de Janeiroo, Guanabara Koogan, 1982. 
 ______________________________________________________________________ 
Bianca Bianco  
34
Bianco B, Lipay M, Guedes A, Oliveira K, Verreschi IT. SRY Gene Increases the 
Risk of Developing Gonadoblastoma and/or Nontumoral Gonadal Lesions in 
Turner Syndrome. Int J Gynecol Pathol. 2009;28(2):197-202. 
Bianco B, Nunes Lipay MV, Guedes AD, Verreschi IT. Clinical implications of the 
detection of Y-chromosome mosaicism in Turner's syndrome: report of 3 
cases. Fertil Steril 2008;90(4):1197.e17-20. 
Bianco B, Lipay MVN, Melaragno MI, Guedes AD, Verreschi ITN. Detection of 
hidden Y mosaicism in Turner´s Syndrome: importance in the prevention of 
gonadoblastoma. J Pediatr Endocr Metab 2006;19:1113-18. 
Binder G, Koch A, Wajs E, Ranke MB. Nested polymerase chain reaction study of 
53 cases with Turner's syndrome: is cytogenetically undetected Y mosaicism 
common? J Clin Endocrinol Metab 1995;12: 3532-3536. 
Burgoyne P S. Mammalian sex determination: thumbs down for zinc finger? 
Nature 1989;342(6252):860-2. 
Camerino G, Parma P, Radi O, Valentini S. Sex determination and sex reversal. 
Curr Opin Genet Dev 2006;16(3):289-92. 
Canto P, Kofman-Alfaro S, Jimenez AL, Soderlund D, Barron C, Reyes E, Mendez 
JP, Zenteno JC. Gonadoblastoma in Turner syndrome patients with 
nonmosaic 45,X karyotype and Y chromosome sequences. Cancer Genet 
Cytogenet  2004;1: 70-72. 
Capel B. The battle of the sexes. Mech Dev 2000;92: 89–103. 
Carothers A D, Frackiewicz A, De Mey R, Collyer S, Polani P E, Osztovics M, 
Horvath K, Papp Z, May H M, Ferguson-Smith M A. A collaborative study of 
the aetiology of Turner syndrome. Ann Hum Genet 1980;43(4):355-68. 
 ______________________________________________________________________ 
Bianca Bianco  
35
Cervantes A, Guevara-Yanez R, Lopez M, Monroy N, Aguinaga M, Valdez H, 
Sierra C, Canun S, Guizar J, Navarrete C, Zafra G, Salamanca F, Kofman-
Alfaro S.  PCR-PRINS-FISH analysis of structurally abnormal sex 
chromosomes in eight patients with Turner phenotype. Clin.Genet 2001; 
60:385-392. 
Chu, C. Y-chromosome mosaicism in girls with Turner's syndrome. Clin Endocrinol 
(Oxf) 1999;50(1):17-8. 
Chu CE, Connor JM, Donaldson MD, Kelnar CJ, Smail PJ, Greene SA. Detection 
of Y mosaicism in patients with Turner's syndrome. J Med Genet 
1995;32(7):578-80. 
Chu CE, Connor JM. Molecular biology of Turner's syndrome. Arch Dis Child. 
1995;72(4):285-6. 
Copelli S, Castineyra G, Levalle O, Aszpis S, Mormandi E, Targovnik H.  PCR 
analysis of Y-chromosome sequences in a 45,X male patient and review of 
the literature. Arch Androl 2000;44: 137-145. 
Coto E, Toral JF, Menendez MJ et al. PCR-based study of the presence of Y-
chromosome sequences in patients with Ullrich-Turner syndrome. Am J Med 
Genet 1995;3:393-396. 
Damiani D, Guedes DR, Fellous M et al. Ullrich-Turner syndrome: relevance of 
searching for Y chromosome fragments. J Pediatr Endocrinol Metab 
1999;6:827-831. 
de Santa Barbara P, Méjean C, Moniot B, Malclès M-H, Berta P, Boizet-Bonhoure 
B. Steroidogenic factor-1 contributes to the cyclic-adenosine monophosphate 
downregulation of human SRY gene expression. Biol Reprod 2001;64:775-
83. 
 ______________________________________________________________________ 
Bianca Bianco  
36
Décourt L, Sasso WS, Chiorboli E, Lima MC, Fernandes JM. Sobre o sexo 
genética na Síndrome de Turner. Ver Assoc Med Brasil 1954;1(2):203-206. 
Delbridge ML, Longepied G, Depetris D, Mattei MG, Disteche CM, Marshall 
Graves JA, Mitchell MJ. TSPY, the candidate gonadoblastoma gene on the 
human Y chromosome, has a widely expressed homologue on the X - 
implications for Y chromosome evolution. Chromosome Res 2004;12(4):345-
56.  
Domenice S, Costa EMF, Corrêa R, Mendonça B B. Aspectos moleculares da 
determinação e diferenciação sexual. Arq Brás Endocrinol Metab 2002; 
43(4): 433-43. 
Elsheikh M, Dunger DB, Conway GS, Wass JA. Turner's syndrome in adulthood. 
Endocr Rev 2002;23(1):120-40.  
Ferguson–Smith M A, Yates J R. Maternal age specific rates for chromosome 
aberrations and factors influencing them: report of a collaborative european 
study on 52 965 amniocenteses. Prenat Diagn 1984 Spring;4 Spec No:5-44. 
Ferguson-Smith M A. Karyotype-phenotypecorrelations in gonadal dysgenesis and 
their bearing on the pathogenesis of malformations. J Med Genet 
1965;39:142-55. Review. 
Fernández R, Mendez J, Pásaro E. Turner syndrome: a study of chromosomal 
mosaicism. Hum Genet 1996; 98:29-35. 
Fernandez-Garcia R, Garcia-Doval S, Costoya S, Pasaro E. Analysis of sex 
chromosome aneuploidy in 41 patients with Turner syndrome: a study of 
'hidden' mosaicism. Clin Genet 2000;3:201-208. 
Fisher E M, Beer-Romero P, Brown L G, Ridley A, McNeil J A, Lawrence J B, 
Willard H F, Bieber F R, Page D C.Homologous ribosomal protein genes on 
 ______________________________________________________________________ 
Bianca Bianco  
37
the human X and Y chromosomes: escape from X inactivation and possible 
implications for Turner syndrome. Cell 1990: 63(6):1205-1218. 
Ford CE, Jones KW, Polani PE, De Ameida JC, Briggs JH. A sex-chromosome 
anomaly in a case of gonadal dysgenesis (Turner's syndrome). Lancet 
1959;1(7075):711-3. 
Foster JW, Graves JAM. An SRY-related sequence on the marsupial X 
chromosome: implications for the evolution of the mammalian testis-
determining gene. Proc Natl Acad Sci USA 1994;91:1927-31. 
Frías JL, Davenport ML; Committee on Genetics and Section on Endocrinology. 
Health supervision for children with Turner syndrome. Pediatrics 
2003;111(3):692-702. 
Gibbons RJ, Brueton L, Buckle VJ, Burn J, Clayton-Smith J, Davison BC, et al. 
Cinical and hematologic aspects of the X-linked alpha-thalassemia/mental 
retardation syndrome (ATR-X). Am J Med Genet 1995;55:288-99. 
Gibbons RJ, Higgs DR. Molecular-clinical spectrum of the ATR-X syndrome. Am J 
Med Genet 2000;97:204-12. 
Goodfellow PN, Darling SM. Genetics of sex determination. Development 
1988;102:251-8. 
Goto T, Adjaye J, Rodeck CH, Monk M. Identification of genes expressed in 
human primordial germ cells at the time of entry of the female germ line into 
meiosis. Mol Hum Reprod 1999;5(9):851-60. 
Gravholt CH, Fedder J, Naeraa RW, Müller J. Occurrence of gonadoblastoma in 
females with Turner syndrome and Y chromosome material: a population 
study. J Clin Endocrinol Metab 2000;85(9):3199-202. 
 ______________________________________________________________________ 
Bianca Bianco  
38
Grumbach MM, Ducharme JR. The effects of androgens on fetal sexual 
development: androgen-induced female pseudohermaphroditism. Fertil Steril 
1960;11:157-80. 
Guedes AD, Bianco B, Lipay MV, Brunoni D, de Lourdes Chauffaille M, Verreschi 
IT. Determination of the sexual phenotype in a child with 45,X/46,X,Idic(Yp) 
mosaicism: importance of the relative proportion of the 45,X line in gonadal 
tissue. Am J Med Genet A  2006;140(17):1871-5.  
Hackel C, de Mello MP, Guerra Jr G. Determinação e diferenciação sexuais 
normais: genes envolvidos. In: Maciel-Guerra AT, Guerra Jr G, editors. 
Menino ou Menina? Os distúrbios da diferenciação do sexo. São 
Paulo:Editora Manole Ltda.; 2002.p.18-26. 
Hansis C, Grifo JÁ, Krey LC. Oct-4 expression in inner cell mass and 
trophectoderm of human blastocysts. Mol Hum Reprod 2000; 6:999-1004. 
Hanson L, Bryman I, Barrenas M L, Janson P O, Wahlstrom J, Albertsson-Wikland 
K, Hanson C. Genetic analysis of mosaicism in 53 women with Turner 
syndrome. Hereditas 2001;134(2):153-9. 
Hanson L, Bryman I, Jason P O, Jakobsen A M, Hanson C.  Fluorescence in situ 
hybridisation analysis and ovarian histology of women with Turner syndrome 
presenting with Y-chromosomal material: a correlation between oral epithelial 
cells, lymphocytes and ovarian tissue. Hereditas 2002;137(1):1-6. 
Harley VR, Clarkson MJ, Argentaro A. The molecular action and regulation of the 
testis-determining factors, SRY (sex-determining region on the Y 
chromosome) and SOX9 [SRY-related high-mobility group (HMG) box 9]. 
Endocr Rev 2003;24(4):466-87. Review. 
 ______________________________________________________________________ 
Bianca Bianco  
39
 Hassold T, Beham F, Leppert M. Cytogenetic and molecular analysis of sex-
chromosome monosomy. Am J Hum Genet 1988;42(4):534-41. 
Held KR, Kerber S, Kaminsky E, Singh S, Goetz P, Seemanova E, Goedde HW. 
Mosaicism in 45,X Turner syndrome: does survival in early pregnancy 
depend on the presence of two sex chromosomes? Hum Genet 1992;3: 288-
294. 
Hildenbrand R, Schroder W, Brude E, Schepler A, Konig R, Stutte HJ, Arnemann 
J. Detection of TSPY protein in a unilateral microscopic gonadoblastoma of a 
Turner mosaic patient with a Y-derived marker chromosome.J Pathol 
1999;189(4):623-6.  
Hook EB, Warburton D. The distribution of chromosomal genotypes associated 
with Turner's syndrome: livebirth prevalence rates and evidence for 
diminished fetal mortality and severity in genotypes associated with structural 
X abnormalities or mosaicism. Hum Genet 1983;1: 24-27. 
Hook EB. Exclusion of chromosomal mosaicism: tables of 90%, 95% and 99% 
confidence limits and comments on use. Am J Hum Genet 1977;1: 94-97. 
Houmard B, Small C, Yang L, Naluai-Cecchini T, Cheng E, Hassold T, Griswold 
M. Global Gene Expression in the Human Fetal Testis and Ovary. Biol 
Reprod. 2009 Apr 15. [Epub ahead of print]. 
Huang B, Wang S, Ning Y, Lamb AN, Bartley J. Autosomal XX sex reversal 
caused by duplication of SOX9. Am J Med Genet 1999;87(4):349-53. 
Hughes IA, Houk C, Ahmed SF, Lee PA; LWPES1/ESPE2 Consensus Group. 
Consensus statement on management of intersex disorders. Arch Dis Child 
2006;91:554-62.  
 ______________________________________________________________________ 
Bianca Bianco  
40
Hustin J, Gillerot Y, Collette J, Franchimont P. Placental alkaline phosphatase in 
developing normal and abnormal gonads and in germ-cell tumours. Virchows 
Arch A Pathol Anat Histopathol 1990;417(1):67-72. 
Imperato-McGinley J, Zhu Y-S. Androgens and male physiology: the syndrome of 
5a-reductase-2 deficiency. Mol Cell Endocrinol 2002;198:51-9. 
Jørgensen N, Müller J, Jaubert F, Clausen OP, Skakkebaek NE. Heterogeneity of 
gonadoblastoma germ cells: similarities with immature germ cells, 
spermatogonia and testicular carcinoma in situ cells. Histopathology 1997; 
30(2):177-86. 
Josso N. Hormonal regulation of sexual differentiation. Semin Perinatol 
1992;16:279-88. 
Josso, N., PICARD, J-Y. & TRAN, D. The antimullerian hormone. Rec. Progr. 
Horm. Res 1977;117-167. 
Kalousek DK, Dill FJ, Pantzar T, McGillivray BC, Yong SL, Wilson RD. Confined 
chorionic mosaicism in prenatal diagnosis. Hum Genet 1987;77(2):163-7. 
Ketola I, Pentikäinen V, Vaskivuo T, Ilvesmäki V, Herva R, Dunkel L, Tapanainen 
JS, Toppari J, Heikinheimo M. Expression of transcription factor GATA-4 
during human testicular development and disease. J Clin Endocrinol Metab 
2000;85(10):3925-31. 
 Kildal W, Kraggerud SM, Abeler VM, Heim S, Tropé CG, Kristensen GB, Risberg 
B, Lothe RA, Danielsen HE. Genome profiles of bilateral dysgerminomas, a 
unilateral gonadoblastoma, and a metastasis from a 46, XY phenotypic 
female. Hum Pathol 2003;34(9):946-9. 
 ______________________________________________________________________ 
Bianca Bianco  
41
Klonisch T, Fowler PA, Hombach-Klonisch S. Molecular and genetic regulation of 
testis descent and external genitalia development. Dev Biol 2004;270(1):1-
18. 
Kocova M, Siegel SF, Wenger SL, Lee PA, Trucco M. Detection of Y chromosome 
sequences in Turner's syndrome by Southern blot analysis of amplified DNA. 
Lancet 1993;8864: 140-143. 
Koopman P, Gubbay J, Vivian N, Goodfellow P, Lovell BR. Male development of 
chromosomally female mice transgenic for SRY. Nature 1991; 348:448-50. 
Koubova J, Menke DB, Zhou Q, Capel B, Griswold MD, Page DC. Retinoic acid 
regulates sex-specific timing of meiotic initiation in mice. Proc Natl Acad Sci 
U S A 2006;103(8):2474-9. 
Koziell A, Charmandari E, Hindmarsh PC, Rees L, Scambler P, Brook CG. Frasier 
syndrome, part of the Denys Drash continuum or simply a WT1 gene 
associated disorder of intersex and nephropathy? Clin Endocrinol (Oxf) 
2000;52(4):519-24.  
Kreiberg JA, Sariola H, Loring JM, Maeda M, Pelletier J, Housman D, et al. WT1 is 
required for early kidney development. Cell 1993;74:679-91.  
Lau IF, Soardi FC, Lemos-Marini SH, Guerra Jr G Jr, Baptista MT, De Mello MP. 
H28+C insertion in the CYP21 gene: a novel frameshift mutation in a 
Brazilian patient with the classical form of 21-hydroxylase deficiency. J Clin 
Endocrinol Metab 2001;86(12):5877-80. 
Lau YF. Gonadoblastoma, testicular and prostate cancers, and the TSPY gene. 
Am J Hum Genet 1999;64(4):921-7. 
 ______________________________________________________________________ 
Bianca Bianco  
42
Lee JT. Molecular links between X-inactivation and autosomal imprinting: X-
inactivation as a driving force for the evolution of imprinting? Curr Biol 
2003;13(6):R242-54. 
Lipay MVN, Bianco B, Verreschi ITN. Gonadal dysgenesis and tumors: genetic 
and clinical features. Arq Bras Endocrinol Metabol 2005;49(1):60-70. 
Lippe B. Turner syndrome. Endocrinol Metab Clin North Am 1991;20(1):121-52.  
Lobaccaro J M, Medlej R, Berta P, Belon C, Galifer R B, Guthmann J P, Chevalier 
C, Czernichow P, Dumas R, Sultan C. PCR analysis and sequencing of the 
SRY sex determining gene in four patients with bilateral congenital anorchia. 
Clin Endocrinol (Oxf) 1993;38(2):197-201. 
Looijenga LH, Oosterhuis JW.) Pathobiology of testicular germ cell tumors: views 
and news. Anal Quant Cytol Histol 2002;24(5):263-79. 
Looijenga LH, Stoop H, de Leeuw HP, de Gouveia Brazao CA, Gillis AJ, van 
Roozendaal KE, van Zoelen EJ, Weber RF, Wolffenbuttel KP, van Dekken H, 
Honecker F, Bokemeyer C, Perlman EJ, Schneider DT, Kononen J, Sauter G, 
Oosterhuis JW. POU5F1 (OCT3/4) identifies cells with pluripotent potential in 
human germ cell tumors. Cancer Res 2003;63(9):2244-50. 
Lópes M, Canto P, Aguinaga M, Torres L, Cervantes A, Alfaro G, Méndez J P, 
Kofman-Alfaro S. Frequency of Y chromosomal material in Mexicans patients 
with Ullrich-Turner syndrome. Am J Med Genet 1998; 76: 120-124. 
Lu JR, McKinsey TA, Xu H, Wang DZ, Richardson JA, Olson EN. FOG-2, a heart- 
and brain-enriched cofactor for GATA transcription factors. Mol Cell Biol 
1999;19(6):4495-502. 
Luo X, Ikeda Y, Parker KL. A cell-specific nuclear recptor is essential for adrenal 
and gonadal development and sexual differentiation. Cell 1994; 77:481-90. 
 ______________________________________________________________________ 
Bianca Bianco  
43
MacLaughlin DT, Donahoe PK. Mechanisms of disease: Sex determination and 
differentiation. N Engl J Med 2004;350:367-78. 
Mancilla EE, Poggi H, Repetto G et al. Y chromosome sequences in Turner's 
syndrome: association with virilization and gonadoblastoma. J Pediatr 
Endocrinol Metab 2003;8: 1157-1163. 
Mansour S, Hall CM, Pembrey ME, Young ID. A clinical and genetic study of 
campomelic dysplasia. J Med Genet 1995;32:415-20. 
Matzuk MM, Lamb DJ. The biology of infertility: research advances and clinical 
challenges. Nat Med 2008;14(11):1197-213.  
Mello MP, Assumpcao Jde G, Hackel C. Genes involved in sex determination and 
differentiation. Arq Bras Endocrinol Metabol. 2005;49(1):14-25.  
Mendes J R T, Strufaldi M W L, Delcelo R, Moisés R C M S, Vieira, J G, 
Kasamatsy T, Galera M F, Andrade J A D, Verreschi, I T N. Y-chromosome 
identification by PCR and gonadal histopathology in Turner´s syndrome 
without overt Y-mosaicism. Clin Endocrinol 1999; 50: 19-26. 
Molkentin JD. The zinc finger-containing transcription factors GATA-4, -5, and -6. 
Ubiquitously expressed regulators of tissue-specific gene expression. J Biol 
Chem 2000;275(50):38949-52. Review.  
Muroya K, Okuyama T, Goishi K, Ogiso Y, Fukuda S, Kameyama J, et al. Sex-
determining gene(s) on distal 9p: clinical and molecular studies in six cases. J 
Clin Endocrinol Metab 2000;85:3094-100. 
Muscatelli F, Strom TM, Walker AP, Zanaria E, Récan D, Meindl A, Bardoni B, 
Guioli S, Zehetner G, Rabl W, et al. Mutations in the DAX-1 gene give rise to 
both X-linked adrenal hypoplasia congenita and hypogonadotropic 
hypogonadism. Nature 1994;372(6507):672-6. 
 ______________________________________________________________________ 
Bianca Bianco  
44
Nazarenko S A, Timoshevsky V A, Sukhanova N N. High frequency of tissue-
specific mosaicism in Turner syndrome patients. Clin Genet 1999; 56: 59-65. 
Nikolova G, Vilain E. Mechanisms of disease: Transcription factors in sex 
determination--relevance to human disorders of sex development. Nat Clin 
Pract Endocrinol Metab 2006;2(4):231-8. 
Nygren AO, Ameziane N, Duarte HM, Vijzelaar RN, Waisfisz Q, Hess CJ, 
Schouten JP, Errami A. Methylation-specific MLPA (MS-MLPA): 
simultaneous detection of CpG methylation and copy number changes of up 
to 40 sequences. Nucleic Acids Res 2005;33(14):e128. 
Okamoto K, Okazawa H, Okuda A, Sakai M, Muramatsu M, Hamada H. A novel 
octamer binding transcription factor is differentially expressed in mouse 
embryonic cells. Cell 1990;60(3):461-72.  
Oosterhuis JW, Looijenga LH, van Echten J, de Jong B. Chromosomal constitution 
and developmental potential of human germ cell tumors and 
teratomas.Cancer Genet Cytogenet 1997;95(1):96-102.  
Osipova G R, Karmanov M E, Kozlova S I, Evgrafov O V. PCR detection of Y-
specifics sequences in patients with Ullrich-Turner syndrome: Clinical 
implications and limitations. Am J Med Genet 1998; 76: 283-287. 
Page DC. Hypothesis: a Y-chromosomal gene causes gonadoblastoma in 
dysgenetic gonads. Development 1987,101:151-5. 
Pask AJ, Behringer RR, Renfree MB. Expression of DMRT1 in the mammalian 
ovary and testis – from marsupials to mice. Cytogenet Genome Res 
2003;101:229-36. 
Pelletier J, Bruening W, Kashtan CE, Mauer SM, Manivel JC, Striegel JE, 
Houghton DC, Junien C, Habib R, Fouser L, et al. Germline mutations in the 
 ______________________________________________________________________ 
Bianca Bianco  
45
Wilms' tumor suppressor gene are associated with abnormal urogenital 
development in Denys-Drash syndrome. Cell 1991;67(2):437-47.  
Pera MF, Herszfeld D. Differentiation of human pluripotent teratocarcinoma stem 
cells induced by bone morphogenetic protein-2. Reprod Fertil Dev 1998;10(7-
8):551-5.  
Pritchard-Jones K, Fleming S, Davidson D, Bickmore W, Porteous D, Gosden C, 
et al. The candidate Wilms’ tumour gene is involved in genitourinary 
development. Nature 1990;346:194-7.  
Procter S E, Watt J L, Lloyd D J, Duffty P. Problems of detecting mosaicism in 
skin. A case of trisomy 8 mosaicism illustrating  the advantages of in situ 
tissue culture. Clin Genet 1984; 25(3):273-7. 
Quilter CR, Taylor K, Conway GS, Nathwani N, Delhanty JD. Cytogenetic and 
molecular investigations of Y chromosome sequences and their role in Turner 
syndrome. Ann Hum Genet 1998; 99-106. 
Reik W, Davies K, Dean W, Kelsey G, Constância M. Imprinted genes and the 
coordination of fetal and postnatal growth in mammals. Novartis Found Symp 
2001;237:19-31. 
Richards JS. Perspective: the ovarian follicle—a perspective in 2001. 
Endocrinology 2001; 142:2184–2193. 
Rosen, G F, Kaplan, B, Lobo, R A. Menstrual function and hirsutism in patients 
with gonadal dysgenesis. Obstetrics and Gynecology 1988; 71 : 677-680. 
Rosner MH, Vigano MA, Ozato K, Timmons PM, Poirier F, Rigby PW, Staudt LM. 
A POU-domain transcription factor in early stem cells and germ cells of the 
mammalian embryo. Nature 1990;345(6277):686-92.  
 ______________________________________________________________________ 
Bianca Bianco  
46
Rossi P, Dolci S, Albanesi C, Grimaldi P, Geremia R. Direct evidence that the 
mouse sex-determining gene Sry is expressed in somatic cells of male fetal 
gonads and in the germ cell line in the adult testis. Mol Reprod Dev 
1993;34:369-73. 
Saenger P. Clinical review 48: The current status of diagnosis and therapeutic 
intervention in Turner's syndrome. J Clin Endocrinol Metab. 1993;77(2):297-
301.  
Sagi L, Zuckerman-Levin N, Gawlik A, Ghizzoni L, Buyukgebiz A, Rakover Y, 
Bistritzer T, Admoni O, Vottero A, Baruch O, Fares F, Malecka-Tendera E, 
Hochberg Z. Clinical significance of the parental origin of the X chromosome 
in turner syndrome. J Clin Endocrinol Metab 2007;92(3):846-52.  
Salo P, Kaariainen H, Petrovic V, et al. 1995. Molecular mapping of the putative 
gonadoblastoma locus on the Y chromosome. Genes Chromosomes Cancer 
1995;14(3):210-4. 
Scöler HR, Dressler GR, Balling R, Rohdewohld H, Gruss P. Oct-4: a germline-
specific transcription factor mapping to the mouse t-complex. EMBO J 1990; 
9:2185-95. 
Scully RE. Gonadoblastoma. A review of 74 cases. Cancer 1970;6: 1340-1356. 
Semerci CN, Satiroglu-Tufan NL, Turan S et al. Detection of Y chromosomal 
material in patients with a 45,X karyotype by PCR method. Tohoku J Exp 
Med 2007;211(3):243-9. 
Sharp A, Kusz K, Jaruzelska J, Tapper W, Szarras-Czapnik M, Wolski J, Jacobs 
P.  Variability of sexual phenotype in 46,XX(SRY+) patients: the influence of 
spreading X inactivation versus position effects. J Med Genet 
2005;42(5):420-7. 
 ______________________________________________________________________ 
Bianca Bianco  
47
Sinclair AH, Berta P, Palmer MS, Hawkins JR, Griffiths BL, Smith MJ, Foster JW, 
Frischauf AM, Lovel-Badge R & Goodfellow PN.  A gene from the human 
Sex-determining region encodes a protein with homology to a conserved 
DNA-binding motif. Nature 1990; 346, 240-244. 
Skakkebaek NE. Testicular dysgenesis syndrome. Horm Res 2003;60,Suppl 3:49.  
Słowikowska-Hilczer J, Walczak-Jedrzejowska R, Kula K. Immunohistochemical 
diagnosis of preinvasive germ cell cancer of the testis.Folia Histochem 
Cytobiol 2001;39(2):67-72.  
Stratakis C A & Rennert O M. Turner syndrome: molecular and cytogenetics, 
dysmorphology, endocrine, and other clinical manifestations and their 
management. Endocrinologist 1994, 4:442-453.  
Stratakis CA and Rennert OM. Turner Syndrome - An Update. Endocrinologist 
2005;15(1):27-36. 
Svensson EC, Huggins GS, Dardik FB, Polk CE, Leiden JM. A functionally 
conserved N-terminal domain of the Friend of GATA-2 (FOG-2) protein 
represses GATA-4-dependent transcription. J Biol Chem 2000; 275:20762–
20769. 
Svensson EC, Tufts RL, Polk CE, Leiden JM. Molecular cloning of FOG-2: a 
modulator of transcription factor GATA-4 in cardiomyocytes. Proc Natl Acad 
Sci U S A 1999;96(3):956-61. 
Swain A, Narvaez V, Burgoyne P, Camerino G, Lovell-Badge R. Dax1 antagonizes 
Sry action in mammalian sex determination. Nature 1998; 391(6669):761-7.  
Thompson M W, McInnes, R R, Willard, H F. Genética Médica. 7ªedição, São 
Paulo: Elsevier, 2007. 
 ______________________________________________________________________ 
Bianca Bianco  
48
Tsuchiya K, Reijo R, Page DC, Disteche CM. Gonadoblastoma: molecular 
definition of the susceptibility region on the Y chromosome. Am J Hum Genet 
1995;6: 1400-1407. 
Turner, HH. A Syndrome of infantilism, congenital webbed neck, and cubitus 
valgus. Endocrinology 1938;23:566-574. 
Vainio S, Heikkila M, Kispert A, Chin N, McMahon AP. Female development in 
mammals is regulated by Wnt-4 signaling. Nature 1999;397:405-9. 
Val P, Swain A. Mechanisms of Disease: normal and abnormal gonadal 
development and sex determination in mammals. Nat Clin Pract Urol 
2005;2(12):616-27.  
van Heyningen V, Bickmore WA, Seawright A, Fletcher JM, Maule J, Fekete G. 
Role for the Wilm´s tumor gene in genital development? Porc Natl Acad Sci 
USA 1990; 87:5383-6. 
Varney RF, Kenyon AT,  Koch FC. An association of short stature, retarded sexual 
development and high urinary gonadotropin titers in women. Ovarian 
dwarfism. J Clinical Endocrinol 1942;2 (3): 137-145. 
Verp MS, Simpson JL. Abnormal sexual differentiation and neoplasia. Cancer 
Genet Cytogenet 1987;2: 191-218. 
Vlask I, Plochl E, Kronberger G, Bergendi E, Rittinger O, HagemNN K S, Blumel 
P, Glatz J, Fekete G, Kadrnka-Lovrencic M, Borkenstein M, Hausler G, Frisch 
H. Screening of patients with Turner syndrome for “hidden” Y-mosaicism. Klin 
Padiatr 1999; 211: 30-34. 
Vogel T, Schmidtke J. Structure and function of TSPY, the Y-chromosome gene 
coding for the "testis-specific protein". Cytogenet Cell Genet 1998;80(1-
4):209-13.  
 ______________________________________________________________________ 
Bianca Bianco  
49
Wagner T, Wirth J, Meyer J, Zabel B, Held M, Zimmer J, et al. Autosomal sex 
reversal and campomelic dysplasia are caused by mutations in and around 
the SRY-related gene SOX9. Cell 1994;79:1111-20. 
Wilhelm D, Palmer S, Koopman P. Sex determination and gonadal development in 
mammals. Physiol Rev 2007;87(1):1-28. Review. 
Wilkins L, Fleischmann W. Ovarian agenesis: pathology, associated clinical 
symptoms and the bearing on the theories of sex differentiation. J Clin 
Endocrinol 1944;4:357–375. 
Wrzeska M, Rejduch B. Genomic imprinting in mammals. J Appl Genet 
2004;45(4):427-33. 
Yorifuji T, Muroi J, Kawai M, Sasaki H, Momoi T, Furusho K. PCR-based detection 
of mosaicism in Turner syndrome patients. Hum Genet 1997; 99: 62-65. 
  
 
 
 
 
 
 
 
 
 
 
 ______________________________________________________________________ 
Bianca Bianco  
50
 
 
 
 
 
 
 
 
 
 
Objetivos 
 ______________________________________________________________________ 
Bianca Bianco  
51
1) Investigação molecular de genes do cromossomo Y (SRY e TSPY) por PCR 
em pacientes com Síndrome de Turner com o intuito de detectar mosaicismo 
oculto. 
 
2) Estabelecer uma conduta preventiva ao desenvolvimento de tumores gonadais 
identificando as portadoras de sequências cromossomo Y-específicas e sugerindo 
a gonadectomia profilática. 
 
3) Estudar a expressão diferencial de genes relacionados à determinação e  
diferenciação sexual e o desenvolvimento de tumores gonadais (SRY, WT1, SF1, 
STRA8, TSPY, OCT4, GATA4 e FOG2) por qRT-PCR nas gônadas das pacientes 
selecionadas para gonadectomia profilática. 
 
4) Possiblitar um panorama mais informativo desse tipo característico de tumor, 
através dos genes relacionados ao desenvolvimento dos gonadoblastomas, bem 
como do papel do SRY e TSPY na gênese e progressão do gonadoblastoma. 
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ABSTRACT 
Turner syndrome (TS) is one of the most common aneuploidy in humans, present 
in 1:2000 newborns with female phenotype. Cytogenetically, the syndrome is 
characterized by a sex chromosome monosomy (45,X), present in 50-60% of the 
cases. The other cases present mosaicism, with a 45,X cell line accompanied by 
another (or other) cell line(s) with a complete or structurally altered X or Y 
chromosome. The presence of Y-chromosome material in patients with dysgenetic 
gonads increases the risk of gonadal tumors, especially gonadoblastoma. The 
greatest concern is the high risk of developing gonadoblastoma or other tumors 
and the virilization during puberty if chromosome Y-specific sequences are 
present. The role of the Y chromosome in human oncogenesis is still controversial. 
Even though gonadoblastoma is a benign tumor, in 60% dos cases it can undergo 
transformation into an invasive dysgerminoma and also into other, malignant forms 
of germ cell tumors. Although some authors have questioned the high incidence 
(~30%) of gonadoblastoma, the risk of developing any kind of gonadal lesion, 
whether tumoral or not, justifies the investigation of Y-chromosome sequences by 
polymerase chain reaction (PCR), a highly sensitive, low-cost and easy-to-perform 
technique. In conclusion, chromosome mosaicism of both the X and the Y is a 
common finding in TS and the detection of Y-chromosome-specific sequences in 
patients, regardless of their karyotype, is necessary to prevent the development of 
gonadal lesions. 
 
PALAVRAS-CHAVE:  
Síndrome de Turner.  
Cromossomo Y.  
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Tumores do estroma gonadal e dos cordões sexuais.  
Gene SRY.  
Mosaicismo. 
 
RESUMO 
A síndrome de Turner (ST) é uma das aneuploidias mais comuns em humanos e 
está presente em 1:2000 recém-nascidas com fenótipo feminino. 
Citogeneticamente, a síndrome é caracterizada por uma monossomia de 
cromossomo sexual (45,X) em 50-60% dos casos. Os demais casos apresentam 
mosaicismo com uma linhagem celular 45,X acompanhada de outra(s) com o 
cromossomo X ou Y íntegros ou com alterações estruturais. A presença de 
material do cromossomo Y em pacientes com gônadas disgenéticas aumenta o 
risco de tumores gonadais, especialmente gonadoblastoma. A consideração mais 
importante diz respeito ao elevado risco de desenvolvimento de gonadoblastoma 
ou outros tumores e a virilização na puberdade se sequências cromossomo Y-
específicas estiverem presentes. O papel do cromossomo Y na oncogênese dos 
cânceres humanos ainda é controverso. Apesar do gonadoblastoma ser um tumor 
benigno, ele pode transformar-se num disgerminoma invasivo em 60% dos casos 
e também em outras formas malignas de tumores de células germinativas. Apesar 
de alguns autores questionarem a alta incidência (~30%) de gonadoblastoma, o 
risco do desenvolvimento de qualquer tipo de lesão gonadal, tumoral ou não, 
justifica a pesquisa de sequências do cromossomo Y por PCR (polymerase chain 
reaction), técnica de alta sensibilidade, baixo custo e fácil execução. Em 
conclusão, o mosaicismo cromossômico tanto do X como do Y é um fato comum 
na ST e a detecção de sequências cromossomo Y-específicas nas portadoras, 
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independente do seu cariótipo, é necessária para prevenir o desenvolvimento de 
lesões gonadais. 
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INTRODUCTION 
In 1938, Henry Turner1 described a group of female adolescents with 
primary amenorrhea, sexual infantilism and short stature. The patients also 
presented cubitus valgus, webbed neck, widely spaced nipples, low posterior 
hairline, and lymphedema of hands and feet. Four years later, Varney et al. 
(1942)2 and Albright et al. (1942)3, independently from each other, studied patients 
with clinical signs resembling those described by Turner and demonstrated that, 
after puberty, they presented a high level of urinary gonadotrophins, establishing 
that there was an abnormality of the gonadal function rather than a hypothalamic 
or hypophyseal deficiency. In l944, Wilkins and Fleischmann4 performed 
histological analyses and observed that patients with the clinical signs described 
by Turner (1938)1, Varney et al. (1942)2 and Albright et al. (1942)3 probably had 
streak gonads, and that all those authors were studying the same syndrome: 
Turner’s Syndrome. 
Turner’s syndrome (TS) is one of the most common aneuploidy in humans, 
present in 1:2000 newborns with female phenotype.5,6 The first karyotype 
investigation in a patient with TS was performed in England, in 1959, by Ford and 
collaborators.7 These authors were able to describe the X-chromosome 
monosomy, i. e., the 45,X karyotype, that is the most frequently found among 
patients with the TS8 (Figure 1). 
 
CLINICAL CHARACTERISTICS 
Individuals with TS present an extremely variable phenotype. Despite their 
undifferentiated gonads, they have clearly female external and internal genitals; 
however, their uterus is small, since its full development depends on hormonal 
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stimuli. The gonads are usually two fibrous streaks in which no germ cells or 
follicular formations are detected, but only a tissue that resembles the stroma of 
the ovarian cortex.9,10 
Other signs found may include dysmorphic auricles with the longitudinal axis 
in an oblique position, eyelids with antimongoloid slanting, internal epicanthal 
folds, high-arched palate, retrognathism, widely spaced nipples, short sternum, 
cardiovascular malformations (the most common being coarctation of the aorta 
and ventricular septum defects), renal malformations (such as horseshoe kidneys, 
urethral duplication, and unilateral kidney agenesis), besides hypoplasia of the 
fourth or fifth metacarpian and metatarsian bones. Breast growth in TS patients is 
much slower than in normal individuals. Once women with TS present gonadal 
dysgenesis, the endocrine alterations which are typical for puberty do not occur, 
reports of primary amenorrhea being frequent9,10 (Figure 2)11. 
In 1997, Rao et al.12 isolated a gene named SHOX (Short Stature Homeobox 
gene), located at Xp22 and Yp11.3, in the pseudoautosomal region of the sex 
chromosomes. The haploinsufficiency of this gene is believed to be responsible for 
the short stature and for several skeletal anomalies presented by the TS patients. 
TS patients exhibit so far unexplained increase in the frequency of 
autoimmune diseases, mainly hypothyroidism, celiac disease and diabetes 
mellitus.5,10,13 Moreover, some authors suggest that there is a higher risk for 
autoimmune diabetes in ST patients with karyotypes presenting an X 
isochromosome.4 An isochromosome of the long arm of the X (Xq) results from a 
deletion of the short arm and a duplication of the long arm of one of the X 
chromosomes and is the most common structural abnormality found in TS. 
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GENETIC CHARACTERISTICS 
Cytogenetically, the Turner syndrome is characterized by a sex chromosome 
monosomy (45,X) in phenotypically female individuals. This karyotype is found in 
50-60% of the cases.5,14 The other cases are mosaics with a 45,X cell line 
accompanied by others with two or more X chromosomes or with structural 
anomalies. Such structural anomalies of the X chromosome (isochromosome of 
the long arm, dicentric chromosomes, deletion of the short arm, ring chromosome) 
are present in approximately 30% of the cases, in homogeneous karyotypes or in 
mosaics including a 45,X cell line, and finally about 5% are accounted for by 
patients with structural alterations of the Y chromosome (isochromosomes of the 
long arm and dicentric chromosomes) and mosaics including a cell line 
accompanied by others with at least one Y chromosome, complete or not.5,8 
Data from the literature show that a second sex chromosome is necessary 
for the survival of the fetus, therefore virtually every liveborn 45,X individual should 
present more than one karyotypic cell line, thus constituting a mosaic.15 This 
condition would be necessary to at least some organs, during a certain period of 
embryogenesis. This hypothesis is based on two main points: the frequency of sex 
chromosome mosaicism is much higher in liveborns with TS compared to 
abortions, and it is estimated that approximately 99% of the embryos with a pure 
45,X karyotype die in utero.16,17 
Furthermore, a comparison with other numeric chromosomal anomalies, 
such as Down syndrome or chromosome 18 trisomy, reveals that the incidence of 
TS does not increase with maternal age.18,19 These findings speak against meiotic 
nondisjunction as the main mechanism for the generation of a 45,X karyotype. 
Clinically, in contrast to other chromosomal syndromes, even patients with pure 
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45,X karyotype present completely distinct phenotypes. Except for the short 
stature, which seems to be a general characteristic, all other findings are 
inconsistent. One of the possible explanations for this fact might be undetected 
mosaicism, once the diagnosis is usually made by analyzing from 5 to 30 
peripheral blood lymphocytes to determine the karyotype,20 and the second cell 
line is often present at a proportion of no more than 1 a 2% of the individual’s cells. 
In around 99% of the human conceptuses with a 45,X karyotype, natural 
loss occurs during the first stage of embryonic development.15,17 Only 1% of these 
fertilizations is successful and generally displays TS characteristics.21 Both the 
embryonic mortality and the characteristic TS phenotype are considered a result of 
the monosomy of genes which are common to the X and Y chromosomes 
(pseudoautosomal region).22 In women, it is clear that these genes are expressed 
both in the active and in the inactivated X chromosome, as a means of ensuring 
the proper amount of gene product. It is believed that one or more of these genes 
are responsible for TS.23,24 
 
DETECTION OF MOSAICISM 
The detection of mosaicism is determined mainly by four factors: the type 
and number of analyzed tissues, the number of studied cells,25 the sensitivity of 
the techniques used, and the possibility of selection, which can result in the 
disappearing of cell lines.15,26 A small percentage of mosaicism cannot be 
detected by the classical cytogenetic technique, because this kind of analysis 
requires a large number of cells. The use of molecular techniques, such as 
fluorescence in situ hybridization (FISH) and polymerase chain reaction (PCR), 
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substantially improves the detection of cell lines with low frequency and of possible 
structural alterations.24,27 
Peripheral blood lymphocytes are generally the material of choice for the 
cytogenetic analysis of patients suspected of having TS, since this tissue is easy 
to obtain. In routine laboratory diagnosis, the classical cytogenetic analysis is done 
in thirty metaphases, which allows detecting a 10% mosaicism. If the hypothesis 
that all patients with Turner syndrome carry a mosaicism is true, it is possible that 
cell lines which are present in blood at frequencies below 10% go undetected by 
this method.28 
Another issue to be considered is the analysis of different tissues, once 
mosaicism may not be detected in peripheral blood, but may be significant in 
tissue samples of different embryonic origin, as for example oral mucosa.28-31  
The presence of Y-chromosome material in individuals with TS can be 
investigated both cytogenetically and by using various molecular approaches,32 the 
latter presenting the advantage of not needing cell cultures and requiring only a 
rather small amount of material. Thus, the use of molecular methods for the 
identification of Y-chromosome-specific sequences has become an indispensable 
tool for detecting hidden mosaicism.33-36  
Nazarenko et al. (1999)37 also observed that cytogenetic analysis may not 
provide precise information on the presence of chromosomal mosaicism in 
patients with TS. Additional analysis of cells from tissues of different embryonic 
origins (mesodermal lymphocytes and ectodermal oral epithelium cells), for 
instance, allows a more precise definition of the cytogenetic diagnosis. FISH 
analysis with a probe for the X chromosome allowed a more accurate result, 
evidencing that 29% out of fifty patients with pure X monosomy detected by 
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ordinary karyotyping actually presented mosaics. Still according to those authors, 
a distinct chromosomal constitution was observed in different tissues of the same 
individual, highlighting the possibility that chromosomal alterations or the presence 
of a second sex chromosome may be absent in blood but present in other tissues. 
According to Mendes et al. (1999),38 in 25% of the TS karyotypes mosaicism 
is present. Y-chromosome-specific sequences can be observed in approximately 
40% of these cases. According to López et al. (1998),33 the difficulty in comparing 
the frequency of Y-chromosome-specific sequences or of the Y chromosome itself 
in patients with TS is due mainly to the variability in the number of patients 
analyzed, to the frequency of mosaicism with a normal and an abnormal X 
chromosome, by the number of cases with marker chromosomes, by the 
molecular methodology applied in each study, and by the Y-chromosome-specific 
sequences studied. These authors used a combination of classical cytogenetics 
and molecular deoxyribonucleic acid (DNA) analysis methods to study the 
presence of Y-chromosome-derived material in 50 patients with Turner syndrome, 
and the molecular results revealed a 12% frequency of Y-chromosome-specific 
sequences, previously found to be 2% by classical cytogenetics. 
Chu et al. (1999)35 stated that PCR is more effective than cytogenetic 
analysis for the detection of hidden mosaicism involving the Y chromosome, and 
can be even more effective by a multiple-tissue approach, raising the chances of 
disclosing a mosaicism, if present. 
Guedes et al. (2006)39 studied a girl who, despite her 45,X/46,X,der(Y) 
karyotype, displayed no signs of virilization and/or clinical features of TS, except 
for a decreased growth speed. After prophylactic gonadectomy in view of the risk 
of developing gonadoblastoma, samples from blood and gonad material were 
 ______________________________________________________________________ 
Bianca Bianco  
84
studied by FISH and PCR in search of Y-chromosome-specific sequences. These 
analyses revealed that the Y-derived chromosome was actually a Yp isodicentric 
chromosome and showed a significant difference in the distribution of the 
mosaicism in the two tissues studied. Although in peripheral blood 97.5% of the 
analyzed cells were 46,X,idic(Yp) with duplication of the SRY gene, this did not 
determine any degree of male sex differentiation, since in the gonadal tissue 60% 
of the analyzed cells were 45,X, suggesting that in this patient the tissue-specific 
mosaicism contributed to female sex development. 
 
THE Y CHROMOSOME AND THE RISK OF GONADAL TUMOR 
DEVELOPMENT 
Abnormalities in gonad organogenesis can lead to the development of 
gonadal tumors,40 especially in patients with dysgenetic gonads.41 
Patients with disorders of the sexual development (DSD) have an increased 
risk of developing tumors originated from germ lines, also known as germ-cell 
tumors (GCTs).42 
Several risk factors were identified for these kinds of GCTs, particularly 
those related to gonads, including cryptorchidism and gonadal dysgenesis.42-44 
The precursor lesion of the dysgenetic gonad tumors is named 
gonadoblastoma (GB)43 and has the potential to progress towards an invasive 
GCT, mainly dysgerminoma (DG), and, less frequently, towards components of 
other tumors, such as embryonic carcinoma (EC), teratoma (TE), yolk sac tumor 
(YST), and choriocarcinoma (CH).45 
Gonadoblastoma is a mixed tumor of undifferentiated cells that recapitulates 
the gonadal development43 and can originate a dysgerminoma in 60% of the 
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cases.46 Hyperandrogenism is a phenomenon commonly associated with 
gonadoblastoma, especially in case of coexistence of a dysgerminoma.46  
There is strong evidence that GB is the result of a disorder in germ cell 
maturation. This model is supported by epidemiologic and morphologic 
observations, such as the presence of immunohistochemical germ cell markers 
(placental alkaline phosphatase – PLAP) and proto-oncogenes (c-KIT).47-49 
 Genes SRY16,20,34,38,50-58 and DYZ316,34,36,50-53,55,57-59 are, respectively, the 
sequences most commonly used in the studies. Which Y-chromosome markers 
are the most relevant is still an object of controversy. In general, the SRY gene is 
the most used sequence, because of its location and important role in the sex 
differentiation cascade.60   
However, with the identification of novel genes on the Y chromosome and 
the so far not confirmed suspicion that there is a specific gene associated to the 
development of gonadoblastoma, other regions have been associated to the 
development of this tumor.61 
GBY (gonadoblastoma locus on the Y chromosome) is a gene assumed to 
be related to the presence of tumors originated from dysgenetic gonads. This gene 
is probably located within a small region of the short arm of the Y chromosome, 
close to the centromere.61 TSPY (testis-specific protein Y-encoded) is a candidate 
gene for the GBY locus, which is possibly related to the development of GB and to 
the involvement of a specific region of the Y chromosome.62,63 Hildenbrand et al. 
(1999)64 studied a patient with TS and a 45,X/46,X,+mar karyotype who developed 
unilateral gonadoblastoma. Cytogenetic and molecular studies confirmed that the 
marker was derived from a Y chromosome. The authors investigated the gonad 
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material by immunohistochemistry for the expression of the TSPY gene and the 
results revealed a high level of TSPY protein expression. 
Furthermore, the POU5F1 (OCT4) gene, located at 6p21.31, is expressed in 
pluripotent stem cells and germ cells of mice and humans.65-70 An extensive 
immunohistochemical screening for POU5F1 protein expression was carried out in 
several types of germ cell tumors using microarrays and revealed their 
immunoreactivity, only detected in gonadoblastoma, seminoma, dysgerminoma 
and embryonic carcinoma cells.45 
Considering that the detection of Y-chromosome-specific sequences in 
patients with Turner syndrome is necessary to prevent the development of 
gonadoblastoma71, clinical aspects such as, for example, signs of 
hyperandrogenism, should also be considered in the therapeutic conduct to be 
adopted in such patients. This is important because the administration of growth 
hormone (somatotropin) to patients carrying Y-chromosome fragments may lead 
to the development of this neoplasm or of other androgen-secreting tumors,72 
although this is still a controversial matter. Treatment with GHr is indicated for TS 
patients and the results have been satisfactory, but the long-term effects resulting 
from this treatment are still under observation.73 
The SRY gene, whose major role in sex determination and differentiation 
has been well known ever since the first studies of Page,62 represents an 
intermediary link in the signaling chain that occurs during embryonic development, 
acting as an activator and also being regulated by several genes (SOX-9; WT-1; 
SF-1, etc). This gene is of fundamental importance in cell differentiation and, 
consequently, in the determination of the gonadal micro-environment, which starts 
interacting with the presence of androgens. 
 ______________________________________________________________________ 
Bianca Bianco  
87
It has traditionally been recommended that a search for Y-chromosome 
fragments in TS should only be performed under two circumstances: when there 
are signs of virilization and/or when there is a marker chromosome not identified 
by classical cytogenetics.74,75 Nevertheless, when Canto et al. (2004)76 used PCR 
to study 107 Turner syndrome patients with a 45,X karyotype, they identified Y-
chromosome material in ten (9.3%) of them. Prophylactic gonadectomy was 
indicated, and two of the six patients who agreed to undergo the surgery 
presented gonadoblastoma, indicating an incidence of 33%. 
Similarly, Bianco et al. (2006)36 studied different tissue samples from 20 TS 
patients by PCR and found that seven (35%) of the 45,X patients presented Y-
chromosome-specific sequences in at least one of the tissues studied. Four (14%) 
of these patients were submitted to prophylactic gonadectomy, and bilateral 
gonadoblastoma was found in a 16-year-old girl. In this case, the presence of Y-
chromosome sequences was not associated with virilization, reinforcing the idea 
that absence of this characteristic does not rule out the possibility of hidden Y 
chromosome fragments being present. 
In addition, Bianco et al. (2009)57 investigated the presence of Y-
chromosome mosaicism (SRY, TSPY and DYZE) in 87 TS patients by PCR and its 
association with the development of gonadal tumors and/or nontumoral androgen-
producing lesions. The data disclosed hidden Y-chromosome mosaicism in 18.5% 
of the patients. SRY sequence was detected in all of these patients, 4.6% of them 
presented DYZ3 repeat region and 4.6% of them presented TSPY gene. Eleven of 
the patients with Y-positive sequences agreed to undergo the prophylactic 
surgery. In 2 cases, bilateral gonadoblastoma was found and, in another case, the 
histopathologic study of the gonads revealed hilus cell hyperplasia. In a further 
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case, there were hilus cell hyperplasia and a stromal luteoma. The authors 
concluded that a systematic search for hidden Y-chromosome mosaicism, 
especially SRY gene, in Turner syndrome patients is justified by the possibility of 
preventing gonadal lesions. 
 
 
CONCLUSION 
The role of the Y chromosome in human oncogenesis is still controversial. 
However, the identification of a Y-chromosome mosaicism is clinically important 
because of the high risk of tumor development, such as gonadoblastoma, or of 
other, non-tumoral androgen-producing lesions in the dysgenetic gonads of 
patients with hidden Y-chromosome mosaicism or Y-chromosome-specific 
sequences. Although gonadoblastoma is a benign tumor, in 60% of the cases it 
can undergo transformation into an invasive dysgerminoma, and can also turn into 
other malignant forms of germ-cell tumors. 
Even though some authors question the high incidence (~30%) of 
gonadoblastoma, the possibility of development of any kind of gonadal lesion, 
whether tumoral or not, justifies the investigation of Y-chromosome-specific 
sequences by PCR, a technique of high sensitivity, low cost and easy 
performance. 
In conclusion, chromosome mosaicism, both of the X and of the Y, is a 
common finding in TS, and the detection of Y-chromosome-specific sequences in 
the patients, regardless of their karyotype, is necessary to prevent the 
development of gonadal lesions.  
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Figure 1. Turner syndrome karyotype (45,X).  
 
Figure 2. Clinical-phenotypic findings in the Turner syndrome. (Modified from 
Vogel & Motulsky, Human Genetics, Springer-Verlag, 1996).11  
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CAPSULE 
The screening of Y-chromosome specific sequence in Turner Syndrome is 
important to prevent the risk of gonodal tumors development.  
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ABSTRACT 
Objective: To investigate the presence of Y-chromosome mosaicism in Turner 
syndrome  patients (TSp) and its association with the development of gonadal 
lesions.  
Design: Prospective study.  
Setting: University-based hospital.  
Patients: 104 TS patients.  
Interventions: Prophylactic gonadectomy.  
Main outcome measure: SRY and TSPY were screened by PCR. Gonads 
fragments were studied by qRT-PCR for SRY, TSPY, SF1, WT1, DAX1, OCT4, 
GATA4, FOG2 e STRA8 genes.  
Results: Y-mosaicism was found in 16.3% of TSp, all of them presented SRY and 
3.8% also presented the TSPY gene. Twelve of the patients underwent the 
prophylactic surgery and the histopathological study disclosed bilateral 
gonadoblastoma in two cases, in another case, hilus cell hyperplasia and in a 
further case, hilus cell hyperplasia and a stromal luteoma. In nine cases the 
pathologic examination did not reveal any neoplastic process. No significant 
alterations was found among the dysgenetic gonads and controls in the 
expression of the studied genes, except to SRY, TSPY e OCT4 in both gonads of 
one patient whose chromosomal constitution was 45,X/45,X,add(15)(p11).  
Conclusions: Screening of Y-chromosome specific sequence in TS is important 
to prevent the risk of gonodal tumors development.  
 
Keywords: Turner syndrome, gonadal dysgenesis, gene expression, Y-
chromosome. 
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INTRODUCTION 
In mammals, the sex of an individual is the result of an orderly cascade 
process initiated by genetic controls and propagated by endocrine mechanisms. 
This process origins males and females which differ in reproductive function, 
anatomy, physiology, behavior and in sex chromosome constitution: males have 
an X chromosome and a Y chromosome; females have two X chromosomes (1). 
The pivotal event in determining the sex of an individual is the specialization of the 
gonads. Once formed, the gonads control the subsequent sexual phenotype (2). 
The development of the gonads can be divided into two phases: the initial 
phase is characterized by the emergence of the so-called indifferent, bi-potential 
gonad, which is identical in males and females. The second phase is the 
development of a testis or an ovary, which is triggered exclusively by the 
expression and proper function of the testis-determining gene SRY (3). 
Several genes in sexual (e.g. SRY, DAX1) and autosomal (e.g. WT1, SF1, 
STRA8) chromosomes (Table 1) play a role on the sexual determination and 
differentiation process. A complex gene expression cascade interacts with specific 
steps in different moments of the gonadal development (4-7). However, this linear 
process sometimes goes awry, resulting in sexual abnormalities, such as gonadal 
dysgenesis. A significant proportion of these defects are related to sex-
chromosome abnormalities (8).  
Turner’s syndrome (TS) is one of the most common aneuploidy in humans, 
present in 1:2000 newborns with female phenotype and characterized, 
cytogenetically, by X-chromosome monosomy (45,X). In about 60% of cases 
however, in addition to the 45,X cell line, another cell line, with a complete 
chromosome number, is observed, this line has one structurally abnormal 
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chromosome X or Y, (9). Clinically, the syndrome is characterized by gonadal 
dysgenesis with primary amenorrhea, sexual infantilism, webbing of the neck, 
cubits valgus, and short stature in phenotypic women (10). 
The presence of Y-chromosome material in patients with dysgenetic gonads 
increases the risk of gonadal tumors, especially gonadoblastoma (11). The 
patients’ prognosis may vary, depending on their karyotype. There is a great 
concern regarding such patients and their high risk of developing gonadoblastoma 
or other tumors and virilization in puberty, if the Y-specific chromosome sequences 
are present (9, 12). 
Abnormalities in gonad organogenesis can lead to the development of 
gonadal tumors, especially in patients with dysgenetic gonads (13). GBY 
(gonadoblastoma locus on the Y chromosome) which is a gene assumed to be 
related to the presence of tumors originated from dysgenetic gonads. This gene is 
probably located within a small region of the short arm of the Y chromosome, 
close to the centromere (14). TSPY (testis-specific protein Y-encoded) is a likely 
gene for the GBY to be located, which is possibly related to the development of 
GB and the involvement of a specific region of the Y chromosome (15). 
Hildenbrand et al (1999) (16) studied a patient with TS and a 45,X/46,X,+mar 
karyotype who developed unilateral gonadoblastoma. Cytogenetic and molecular 
studies confirmed that the marker was formed  from a Y chromosome. The authors 
investigated the gonad material by immunohistochemistry for the expression of the 
TSPY gene and the results revealed a high level of TSPY protein expression. 
Furthermore, the OCT4 (POU5F1) gene, located at 6p21.31, is expressed in 
pluripotent stem cells and germ cells of mice and humans (17). An extensive 
immunohistochemical screening for POU5F1 protein expression was carried out in 
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several types of germ cell tumors using microarrays that were only detected in 
gonadoblastoma, seminoma, dysgerminoma and embryonic carcinoma cells 
(18,19). 
Thus, the aim of the present study was to screen by polymerase chain 
reaction (PCR) for Y-chromosome specific sequences (SRY and TSPY) in 104 
patients with Turner syndrome, to verify the expression of SRY, TSPY, SF1, WT1, 
DAX1, OCT4, GATA4, FOG2 and STRA8, both genes related to sexual 
determination and differentiation, also to correlate these data to gonadal tumor 
development in Turner Syndrome patients´ gonads. 
 
MATERIALS AND METHODS 
Patients 
One hundred and four TS patients (age ranging from 8 mo to 55 y) (Table 
2) from the Endocrinology outpatient clinic of Federal University of Sao Paulo, 
Brazil, were studied in a prospective and unbiased approach based on diagnostic 
criteria that included clinical, hormonal, and cytogenetic analysis. A hormone 
profile consistent with hypergonadotropic hypogonadism or an unexplained short 
stature in females led to a cytogenetic evaluation. The patients with overt Y-
chromosome material were excluded to maintain the sample homogeneity. The 
study protocol was approved by the local research ethics committee. All TS 
patients and/or their parents gave informed consent for the study.  
Small gonads fragments from five fertile women from the Family Planning 
outpatient clinic from the Faculdade de Medicina do ABC were taken. These 
women had no alteration in the sexual determination and differentiation and had 
gone through laparoscopy to salpingotripsy as the definite contraceptive method.  
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Karyotypes 
Karyotypes were determined by standard analysis of peripheral blood 
lymphocytes, and the number of metaphases analyzed by G banding followed 
Hook’s (20) criteria detecting 8% mosaicism in 40 metaphases, with a confidence 
interval of 95%. 
DNA extraction 
Peripheral blood was collected for genomic DNA extraction according to the 
protocol developed by Lahiri and Numberger (1991) (21), with modifications. 
PCR 
The genes studied (SRY, located on the short arm of the Y chromosome at 
Yp11.3 and TSPY at Yp11.2) were chosen because SRY is active in testis 
differentiation and TSPY has been implicated in the development of 
gonadoblastoma. The protocol for detection of Y-chromosome specific sequences 
was performed according to Bianco et al (2009) (9). 
Prophylactic gonadectomy was offered to all TS patients who were positive 
for Y-chromosome sequences. 
RNA extration 
The fragments of the gonads collected in the gonadectomy were placed in a 
cryotube and stored in liquid nitrogen. RNA extraction was performed according to 
the protocol of RNA extraction with Trizol (Instructions of the manufacturer 
Gibco®). The samples were kept in -80ºC until their use. 
RT-PCR 
Total RNA (2 µL) was reverse transcribed into cDNA, using the 
SuperScript™ III first-strand synthesis system (Invitrogen, Carlsbad, CA, USA). 
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Two microlitres of total RNA was mixed with 1 µl Oligo(dT)20 primer (0.5 µg/µl), 1 
µl dNTPs and deionized water. The total volume of 10 µl was incubated at 65°C 
for 5 min. After mixing with 2 µl of 10× reverse transcriptase (RT) buffer, 25 mM 
MgCl2 (4 µl), 0.1 M dithiothreitol (DTT) (2 µl), recombinant RNase inhibitor (RNase 
OUT TM) (400 U/µl, 1 µl) and SuperScript™ III RT (200 U/µl, 1 µl), each sample 
was placed in a thermal cycler at 50°C for 50 min; the cycle was stopped at 85°C 
for 5 min. After that, all samples were quantified and diluted to 100 ng/µL and 10 
ng/µL. 
qRT-PCR 
 The primers were drawn in the softwear Primer3 Plus 
(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi). 
The expression of SRY, TSPY, SF1, WT1, DAX1, OCT4, GATA4, FOG2 
and STRA8 mRNA were measured by qRT–PCR using a Rotor-Gene Q 2plex 
Platform (QIAGEN, Valencia, CA, USA). The reactions were processed twice at a 
final volume of 10µL carrying 5,0 µL of 2X SyberGreen FAST PCR Master Mix 
(QIAGEN, Valencia, CA, USA), 3,0 µL of autoclaved water, 1,0 µL  of primer 
(5nmol of primer forward e 5nmol of primer reverse) and 1 µL of cDNA (10ng/ µL). 
The thermal cycling conditions included pre-incubation for 5 min at 95°C, followed 
by 40 cycles of 10 s at 95°C and 30 s at 60°C. 
In order to normalize the amount of total RNA present in each reaction, we 
amplified the housekeeping gene GAPDH. 
Data analysis 
The results were analysed by the ∆∆Ct method (22). 
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RESULTS 
The investigation by PCR of the presence of the Y-chromosome–specific 
sequences in 104 TS patients (Table 2) disclosed the Y-chromosome mosaicism 
in 17 of them (16.3%). The SRY sequence was detected in all of these 17 patients 
and 4 of them (3.8%) presented the TSPY gene (Table 3).  
Twelve of the patients with Y-positive sequences agreed to undergo the 
prophylactic surgery. In Cases C (9,23) and P (9,24), bilateral gonadoblastoma 
was found. In Cases D (9, 12, 24) and Q (9, 24) the histopathologic study of the 
gonads disclosed hilus cell hyperplasia. In Case D, a stromal luteoma of 0.4 cm 
diameter, with contralateral nodular hyperthecosis was also found (9, 12, 24). In 
Cases A, B, E, F, G, I, K, N and R the anatomo-pathologic examination did not 
reveal any neoplastic process. Patient H did not agree to undergo surgery. In view 
of their age (prescholar), Patients L, M, and O were not yet operated. Patient J 
was not submitted to prophylactic gonadectomy because she presented severe 
blood dyscrasia resulting from liver failure and died while waiting for a transplant.  
 Among the twelve patients that underwent prophylactic gonadectomy, 
samples of both left and right gonads were collected of cases A, B, E, G, K and R. 
A group of nine genes responsible for the sexual determination and differentiation 
as well as the gonadal tumorigenesis was evaluated to transcriptional gene 
expression in these gonads. The level of expression of these genes showed 
similar expression in the dysgenetic gonads from the patients with TS as well as in 
the controls (Figure 1), except in case E that showed high expression of SRY, 
TSPY and OCT4 genes. 
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DISCUSSION 
It is well established that the presence of Y-chromosome material in 
patients with dysgenetic gonads increases the risk of gonadal tumors, such as 
gonadoblastoma and dysgerminoma, or of nontumoral androgen-producing 
lesions. This makes the detection of the Y-chromosome mosaicism in TS clinically 
important (9, 12, 13, 23).  
Traditionally, it has been recommended that patients with TS should be 
evaluated for the presence of Y-chromosome sequences only in two specific 
situations: when signs of virilization are present and/or when chromosome 
fragments that cannot be characterized by conventional cytogenetics are found. 
Extending this recommendation to all patients who have a 45,X karyotype in 
peripheral blood and also to samples from other tissues that should increase the 
sensitivity of gonadal tumor detection (9, 23). Even though gonadoblastoma is the 
most feared in situ malignancy of the dysgenetic gonads (11), other non-tumoral 
androgen-producing lesions may be related to the presence of hidden or overt Y-
chromosome sequences. Several authors have emphasized the importance of 
prospective studies in patients with gonadal dysgenesis for the identification of Y-
specific sequences and, consequently, for the assessment of the risks of 
developing androgen-induced lesions and carcinogenesis events such as 
gonadoblastoma (23-27). 
The analyses of twenty cells detect mosaicism at least 14% with 95% 
confidence (20). To detect lower mosaicism and/or to detect mosaicism with 
greater confidence, more cells and/or different tissues must be analyzed. In other 
words, mosaicism can be demonstrated but never be excluded (28). 
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TSPY genes are frequently expressed in tumors originated from germ cells 
and have been related by many authors to the development of gonadoblastoma 
(14, 16, 29). Although, these studies suggest that TSPY act as an oncogene, there 
is no direct evidence showing oncogenic effect of TSPY (30).  
SRY gene represents an intermediary link in the signaling chain that occurs 
during embryonic development, functioning as an activator and also being 
regulated by several genes (SOX9; WT1; SF1, etc.); moreover, it is of fundamental 
importance in cell differentiation and, consequently, in the determination of the 
gonadal microenvironment, which starts interacting in the presence of androgens 
(9). 
The OCT4 is expressed in pluripotent stem cells and germ cells of mice and 
humans (177). The reactivation of the OCT4 gene in the dysgenetic gonads 
occurs as part of the malign transformation process typical of the gonadoblastoma, 
seminoma/dysgerminoma and embryonal carcinoma (18).  
Sex determination is genetically programmed in a critically timed and gene 
dosage-dependent manner. We hypothesized that the genes DAX1, FOG2, 
GATA4, OCT4, SF1, SRY, TSPY, WT1 and STRA8 that perform in the sexual 
differentiation and development, would have an altered expression in the 
dysgenetic gonads of TS patients possibily implying in the gonadal tumorigenesis. 
However, our results did not show significant differences in the expression of such 
genes in relation to the normal gonads, suggesting that the expressions as well as 
the gene dosage are fundamental at the fetal gonadal development period. 
In the present study, we did not found any significant alterations among 
dysgenetic gonads and controls for the expression of the studied genes, except in 
the SRY, TSPY e OCT4 genes in both gonads from case E. This observation 
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suggests that temporal exposure of dysgenetic gonads to the Y-chromosome 
sequences could lead to neoplastic development as a result of accumulated 
modifications in the gonadal microenvironment. 
In conclusion, the screening of the Y-chromosome specific sequence is 
important to the follow up of TS patients considering the fact that it corresponds to 
the proven risk of gonadal tumors development. Moreover, the expression analysis 
of possibly altered genes in the dysgenetic gonads environment of TS patients, 
such as OCT4, SRY and TSPY shows that, in this context, that long term 
exposure to these factors may contribute to malignant transformations even on the 
absence of histopathological abnormalities. The early detection of such events 
could be of great importance of preventing gonadal tumors development in TS 
patients.  
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Table1. Genes involved in human sex determination and differentiation 
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Table 2. Cytogenetic characterization of the studied TS patients. 
 
 
Karyotype 
 
 
No. patients 
45,X 74 
45,X/46,X,i(X)(q10) 1 
46,X,i(X)(q10) 6 
45,X/46,XX 7 
45,X/46,X,+mar 5 
45,X/45,X,add(15)(p11) 1 
45,X/46,XXp+ 1 
45,X/46,X,r(X) 2 
46,X,+mar 1 
45,X/46,X,dup(X)(q25-q21) 1 
45,X/46,X-X,der(X) 1 
46,X,idic,X(q25) 1 
46,X,der(X)(p11.2) 1 
45,X/46,XX,add(X)(q22) 1 
45,X/47,XXX 1 
 
TOTAL 
 
 
104 
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Table 3. Karyotype, DNA analysis for SRY and TSPY genes and histopathologic 
findings of the TS patients who tested positive for Y-chromosome sequences. 
 
 
Patient 
 
 
Karyotype 
 
              Y-sequences 
 
Histopathologic findings 
 
 
SRY TSPY 
A 45,X + - Ovary-type connective and stromal tissue fragments  
 
B 45,X + - Ovary-type connective and stromal tissue fragments  
 
C9,23 45,X + - Bilateral gonadoblastoma 
 
D9, 12,24 45,X/46,X,+mar + - Stromal luteoma and hilus cell hyperplasia 
 
E 45,X/45,X,add(15)(p11) + + Ovary-type connective and stromal tissue fragments  
 
F 45,X/46,X,+mar + + Ovary-type connective and stromal tissue fragments with no oocytes 
 
G 45,X + - Fibrous connective tissue with areas of ovarian stroma  
 
H 45,X + - Not  operated 
 
I 45,X + - Fibrous connective tissue with areas of ovarian stroma and  permeating Müllerian epithelium  
 
J 45,X + - Not  operated 
 
K 45,X + - Ovary-type connective and stromal tissue fragments  
 
L 45,X + +  
Not  operated 
M 45,X + -  
Not  operated 
 
O 
 
45,X 
 
+ 
 
+ 
 
Not operated 
 
P9, 24 
 
45,X/46,X,r 
 
+ 
 
NT* 
 
 Bilateral gonadoblastoma 
 
Q9,24 
 
45,X 
 
+ 
 
NT* 
 
Hilus cell hyperplasia 
 
R 
 
45,X/47,XXX 
 
+ 
 
- 
 
Ovary-type connective and stromal tissue fragments  
 
*Not Tested 
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Figure 1. Comparative gene expression for DAX1, FOG2, GATA4, OCT4, SF1, 
SRY, TSPY, WT1, STRA8 in gonads of Turner syndrome patients. 
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Conclusões 
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O risco de desenvolvimento tumoral é uma das complicações 
mais temidas em portadoras de gônadas disgenéticas. O estudo de pacientes 
portadoras de Síndrome de Turner e a presença de seqüências cromossomo Y-
específicas (SRY e TSPY), que estão relacionadas a processos de tumorigênese 
gonadal, assim como a avaliação da expressão de genes associados à 
determinação e à diferenciação sexual (SRY, WT1, SF1, STRA8, TSPY, OCT4, 
GATA4 e FOG2) permitem as seguintes conclusões:  
 
1. A investigação sistemática de seqüências cromossomo Y-especifícas é 
clinicamente importante devido ao elevado risco de formação tumoral, 
especialmente, o gonadoblastoma, ou de outras lesões não tumorais 
produtoras de andrógenos nas gônadas disgenéticas de pacientes com o 
cromossomo Y estruturalmente normal ou oculto. 
 
2. As alterações histopatológicas detectadas nas gônadas de pacientes 
submetidas à gonadectomia profilática (quatro em 12 casos – 33,34%) 
constituem evidências de que, nessas pacientes, o risco de tumor gonadal 
é um fato real. Considerando-se que as cirurgias foram realizadas, em 
geral no período pré-puberal, no qual os fatores ambientais e genéticos 
tiveram chance menor de tornar-se significativos na transformação 
maligna, a conduta profilática minimizou o risco de desenvolvimento 
tumoral. 
 
3. A análise da expressão de genes que podem estar alterados no 
microambiente das gônadas disgenéticas de pacientes portadoras de ST, 
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como o OCT4, SRY e TSPY evidencia, nesse contexto, a exposição à 
longo prazo desses fatores possa contribuir para a transformação maligna 
ainda que na ausência de alterações morfológica. A detecção precoce 
desses marcadores pode ser determinante na prevenção do 
desenvolvimento de tumores gonadais. 
 
4. A observação da alteração do perfil de expressão do gene OCT4, 
associado à proliferação celular em células pluripotentes, simultaneamente 
à presença de ambas as seqüências Y-específicas – SRY e TSPY, mais 
freqüentemente associadas ao desenvolvimento tumoral em gônadas 
disgenéticas, sugere a relação dessa interação gênica no mecanismo da 
transformação maligna. 
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Anexo 1. Aprovação do Comitê de Ética em Pesquisa 
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Anexo 2. Termo de Consentimento Livre e Esclarecido – Coleta de Sangue e tecido 
gonadal 
 
Termo de consentimento livre e esclarecido 
 
 
Mecanismos de diferenciação sexual em aneuploidias cromossômicas: 
correlação com fatores predisponentes a tumorigênese gonadal com 
enfoque na Síndrome de Turner 
 
 
As seguintes informações estão sendo fornecidas para sua participação 
voluntária nesse estudo.  
Serão estudadas mulheres portadoras da Síndrome de Turner, procurando 
identificar a presença de mosaicismo, utilizando marcadores moleculares de 
seqüências dos cromossomos sexuais. O material genético obtido será analisado 
por esses marcadores em sangue periférico. 
Para o estudo serão coletadas amostras de 5 mL de sangue periférico, por 
punção venosa da veia do antebraço. Será utilizado material estéril e descartável. 
Para tal procedimento não é necessário jejum. Os desconfortos decorrentes da 
punção podem ser dor e vermelhidão local, porém esse procedimento não 
apresenta complicações na clínica diária. 
Essa investigação faz parte dos procedimentos de rotina para diagnóstico 
de Síndrome de Turner e, consequentemente, para a determinação do 
tratamento. Na ocorrência de exame positivo será indicada a realização de 
gonadectomia profilática, em virtude do alto risco (até 60%) de desenvolvimento 
de tumores gonadais. O material retirado será encaminhado para análise 
antomohistopatológica de rotina e um pequeno fragmento será encaminhado para 
análise genética. Esses procedimentos não alteram o procedimento cirúrgico 
normal e não comprometem o estadiamento do tumor. 
A qualquer etapa do estudo o indíviduo ou seu responsável terá acesso 
aos profissionais relacionados com a pesquisa para o esclarecimento de dúvidas. 
Os principais investigadores são MS Bianca Bianco e Profa. Dra. Ieda Verreschi, 
da Disciplina de Endocrinologia -  Departamento de Medicina da UNIFESP/EPM, 
rua Pedro de Toledo, nº 781, 13º andar, telefone 11 5574- 6502 e Profa. Dra 
Mônica Lipay,da Disciplina de Genética – Departamento de Morfologia da 
UNIFESP/EPM, rua Botucatu, nº 740, telefone 11 5576- 4260. Se houver alguma 
consideração a fazer ou dúvida sobre a ética dessa pesquisa, entrar em contato 
com o Comitê de Ética em Pesquisa (CEP), rua Botucatu, nº 572, 1º andar, cj 14 – 
telefone 11 5571- 1062, FAX 11 5539- 7162. 
 
 
Fui informado também que esse estudo não prejudica de modo algum o 
meu tratamento, e que é garantida a liberdade de retirada de consentimento a 
qualquer momento que eu queira deixar de participar do estudo, sem qualquer 
prejuízo à continuidade do meu tratamento na Instituição, 
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As informações obtidas serão analisadas em conjunto com outros 
indivíduos participantes, não sendo divulgada a identificação de nenhum 
indivíduo. Os resultados obtidos estarão a disposição de todos os participantes 
das pesquisa. 
Não há despesas pessoais para o participante em qualquer fase do estudo, 
incluindo exames e consultas. Também não há compensação financeira 
relacionada à participação. 
Na eventualidade de ocorrer qualquer dano pessoal causado direta ou 
indiretamente pelos procedimentos propostos neste estudo (nexo causal 
comprovado), o participante terá direito a tratamento médico na Instituição, bem 
como às indenizações legalmente estabelecidas. 
Acredito ter sido suficientemente esclarecido/a a respeito das informações que li 
ou que foram lidas para mim, descrevendo o estudo “Mecanismos de 
diferenciação sexual em aneuploidias cromossômicas: correlação com fatores 
predisponentes a tumorigênese gonadal com enfoque na Síndrome de Turner ”. 
 
 
 
Eu discuti com 
__________________________________________________ sobre a minha 
decisão de participar do estudo. Ficaram claros para mim quais são os propósitos 
do estudo, os procedimentos a serem realizados, seus desconfortos e riscos, as 
garantias de confiabilidade e de esclarecimentos permanentes. Ficou claro 
também que minha participação é isenta de despesas e que tenho garantia de 
acesso a tratamento hospitalar se necessário. Concordo voluntariamente em 
participar deste estudo. 
 
 
 
 
________________________________________ Data __/__/____. 
Assinatura do participante/ representante legal 
 
 
Declaro que obtive de forma apropriada e voluntária o Consentimento Livre e 
Esclarecido deste paciente ou seu representante legal para participação neste 
estudo. 
 
 
 
 
_____________________________________ Data __/__/____ 
Assinatura do responsável pelo estudo 
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Anexo 3. Termo de Consentimento Livre e Esclarecido – Coleta de tecido gonadal – 
Grupo Controle 
 
 
Termo de consentimento livre e esclarecido 
 
 
Mecanismos de diferenciação sexual em aneuploidias cromossômicas: 
correlação com fatores predisponentes a tumorigênese gonadal com 
enfoque na Síndrome de Turner 
 
 
Grupo Controle 
 
As seguintes informações estão sendo fornecidas para sua participação 
voluntária nesse estudo.  
Serão estudadas mulheres portadoras da Síndrome de Turner, procurando 
identificar a presença de mosaicismo, utilizando marcadores moleculares de 
seqüências dos cromossomos sexuais. O material genético obtido será analisado 
por esses marcadores em sangue periférico. 
Para o estudo serão coletadas amostras de 5 mL de sangue periférico, por 
punção venosa da veia do antebraço. Será utilizado material estéril e descartável. 
Para tal procedimento não é necessário jejum. Os desconfortos decorrentes da 
punção podem ser dor e vermelhidão local, porém esse procedimento não 
apresenta complicações na clínica diária. 
Essa investigação faz parte dos procedimentos de rotina para diagnóstico 
de Síndrome de Turner e, consequentemente, para a determinação do 
tratamento. Na ocorrência de exame positivo será indicada a realização de 
gonadectomia profilática, em virtude do alto risco (até 60%) de desenvolvimento 
de tumores gonadais. O material retirado será encaminhado para análise 
antomohistopatológica de rotina e um pequeno fragmento será encaminhado para 
análise genética. Esses procedimentos não alteram o procedimento cirúrgico 
normal e não comprometem o estadiamento do tumor. No entanto, para a análise 
de expressão gênica diferencial é necessária a comparação com gônadas de 
mulheres saudáveis, ou seja, gônadas que tenham sua função normal. 
A qualquer etapa do estudo o indíviduo ou seu responsável terá acesso 
aos profissionais relacionados com a pesquisa para o esclarecimento de dúvidas. 
Os principais investigadores são MS Bianca Bianco e Profa. Dra. Ieda Verreschi, 
da Disciplina de Endocrinologia -  Departamento de Medicina da UNIFESP/EPM, 
rua Pedro de Toledo, nº 781, 13º andar, telefone 11 5574- 6502 e Profa. Dra 
Mônica Lipay,da Disciplina de Genética – Departamento de Morfologia da 
UNIFESP/EPM, rua Botucatu, nº 740, telefone 11 5576- 4260. Se houver alguma 
consideração a fazer ou dúvida sobre a ética dessa pesquisa, entrar em contato 
com o Comitê de Ética em Pesquisa (CEP), rua Botucatu, nº 572, 1º andar, cj 14 – 
telefone 11 5571- 1062, FAX 11 5539- 7162. 
 
 
Fui informado também que esse estudo não prejudica de modo algum o 
meu tratamento, e que é garantida a liberdade de retirada de consentimento a 
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qualquer momento que eu queira deixar de participar do estudo, sem qualquer 
prejuízo à continuidade do meu tratamento na Instituição, 
As informações obtidas serão analisadas em conjunto com outros 
indivíduos participantes, não sendo divulgada a identificação de nenhum 
indivíduo. Os resultados obtidos estarão a disposição de todos os participantes 
das pesquisa. 
Não há despesas pessoais para o participante em qualquer fase do estudo, 
incluindo exames e consultas. Também não há compensação financeira 
relacionada à participação. 
Na eventualidade de ocorrer qualquer dano pessoal causado direta ou 
indiretamente pelos procedimentos propostos neste estudo (nexo causal 
comprovado), o participante terá direito a tratamento médico na Instituição, bem 
como às indenizações legalmente estabelecidas. 
Acredito ter sido suficientemente esclarecido/a a respeito das informações que li 
ou que foram lidas para mim, descrevendo o estudo “Mecanismos de 
diferenciação sexual em aneuploidias cromossômicas: correlação com fatores 
predisponentes a tumorigênese gonadal com enfoque na Síndrome de Turner ”. 
 
 
Eu___________________________________________________discuti 
com ___________________________________________________ sobre a 
minha decisão de participar do estudo. Ficaram claros para mim quais são os 
propósitos do estudo, os procedimentos a serem realizados, seus desconfortos e 
riscos, as garantias de confiabilidade e de esclarecimentos permanentes. Ficou 
claro também que minha participação é isenta de despesas e que tenho garantia 
de acesso a tratamento hospitalar se necessário. Concordo voluntariamente em 
participar deste estudo. 
 
 
 
________________________________________ Data __/__/____. 
Assinatura do participante/ representante legal 
 
 
Declaro que obtive de forma apropriada e voluntária o Consentimento Livre e 
Esclarecido deste paciente ou seu representante legal para participação neste 
estudo. 
 
 
_____________________________________ Data __/__/____ 
Assinatura do responsável pelo estudo 
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 Anexo 4. Aceite do artigo “Y chromosome in Turner syndrome: literature review”. 
 
From: Sao Paulo Med J e Diagn Tratamento  
Sent: Tuesday, September 08, 2009 12:36 PM 
To: bianca.bianco@hotmail.com  
Cc: 'Publicacoes'  
Subject: RPM-1736/9 - artigo reavaliado (3ª vez) pelo Conselho Consultivo - Sao Paulo Med J. 
 
Prezados autores: Drs. Rose Mary Rocco de Oliveira, Ieda Therezinha do Nascimento 
Verreschi, Monica Vannucci Nunes Lipay, Lilian Piñero Eça, Alexis Dourado Guedes, 
Bianca Bianco. 
 
O manuscrito “Y chromosome in Turner syndrome: literature review” (RPM-1736/9), 
submetido ao periódico São Paulo Medical Journal/Evidence for Health Care, foi 
reavaliado pelo editor chefe, prof. dr. Álvaro Nagib Atallah, junto ao Conselho 
Consultivo, e considerado adequado para publicação; entretanto, antes da aceitação 
final, o texto passará pela revisão de inglês do sr. David Elliff e pela revisão editorial 
da sra. Patrícia Logullo. Se houverem apontamentos de correções e/ou dúvidas que 
precisarem ser esclarecidas pelos autores, nós entraremos em contato enviando 
mensagem para o e-mail bianca.bianco@hotmail.com. 
 
 
Aproveitamos para solicitar que TODOS os autores leiam, preencham e assinem os documentos 
de transferência de direitos autorais e conflitos de interesses que seguem anexados a esse e-mail. 
Esses documentos devem ser escaneados e enviados em formato de imagem (JPG, TIF ou PDF) 
para o e-mail revistas@apm.org.br e/ou publicacoes@apm.org.br.  
 
Desde já agradecemos a atenção e a colaboração. 
 
Atenciosamente, 
 
Marina de Britto 
Assistente de publicações Sênior 
Tel. (11) 3188-4310/4311 
Fax. (11) 3188-4255 
E-mail: revistas@apm.org.br 
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Anexo 5. Comprovante de Submissão do artigo “OCT4 Gonadal Gene Expression Related 
To The Presence Of Y-Chromosome Mosaicism In Turner Syndrome” para a revista 
Fertility and Sterility.  
 
Dear Dr Bianco, 
 
Your submission entitled "OCT4 GONADAL GENE EXPRESSION 
RELATED TO THE PRESENCE OF THE Y-CHROMOSOME MOSAICISM 
IN TURNER SYNDROME" has been received by Fertility and Sterility. 
 
You will be able to check on the progress of your paper by logging on 
to the Elsevier Editorial System of Fertility and Sterility as an author.  The 
URL is http://ees.elsevier.com/fns/. 
 
Your manuscript will be given a reference number once an Editor has 
been assigned. 
 
Thank you for submitting your work to this journal. 
 
Sincerely, 
 
Fertility and Sterility Editorial Office 
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INTRODUCTION: In mammals, sex differentiation relies on a complex gene 
cascade by a series of genes that interact in restricted phases or different 
moments of the gonadal tissue development. Alterations in the action 
mechanisms, gene interactions and also abnormalities in the dosage of the genes 
involved in the sexual determination, either for insufficiency or for excess of gene 
expression, originates the different degrees of abnormalities in the gonadal 
development. Sex chromosomes abnormalities are caused by chromosomic 
aberrations, as the Syndrome of Turner (TS) for example. TS is one of the most 
common aneuploidy in humans characterized, cytogenetically, by a sex 
chromosome monosomy (45,X), present in 50-60% of the cases. The other cases 
present mosaicism, with a 45,X cell line accompanied by another cell line with a 
complete or structurally altered X or Y chromosome. The presence of Y-
chromosome material in patients with dysgenetic gonads increases the risk of 
gonadal tumors, especially gonadoblastoma. The aims of the present study were: 
1) To investigate the Y-chromosome specific sequences (SRY e TSPY) by PCR in 
TS patients 2) To establish a preventive behavior to the development of gonadal 
tumors through identification of Y-chromosome specific sequences in TS patients 
and suggest them the prophylactic gonadectomy 3) To study the differential gene 
expression of genes related to the sexual determination and differentiation and the 
gonadal tumors development (SRY, WT1, SF1, STRA8, TSPY, OCT4, GATA4 and 
FOG2) by qRT-PCR in the gonads of TS patients. 4) To create a broad view of 
such a distinctive tumor. METHODS: One hundred and four TS patients from the 
Endocrinology outpatient clinic of UNIFESP/EPM were studied. The hidden Y-
chromosome mosaicism (SRY e TSPY) was investigated by PCR. Prophylactic 
gonadectomy was offered to all patients who tested positive for Y-chromosome 
sequences and gonads fragments were studied by qRT-PCR for SRY, TSPY, SF1, 
WT1, DAX1, OCT4, GATA4, FOG2 e STRA8 genes. RESULTS: The investigation 
for Y-chromosome–specific sequences presence in 104 TS patients by PCR 
disclosed Y-chromosome mosaicism in 17 of them (16.3%). The SRY sequence 
was detected in all of these 17 patients, and 4 (3.8%) of them presented the TSPY 
gene. Twelve of the patients with Y-positive sequences agreed to undergo the 
prophylactic surgery. In two cases bilateral gonadoblastoma was found. In other 
two cases the histopathologic study of the gonads disclosed hilus cell hyperplasia 
and, in one of these cases, a stromal luteoma was also found. In nine cases the 
pathologic examination did not reveal any neoplastic process. One patient did not 
agree to undergo a surgery. In view of their age (prescholar), three patients had 
not been operated yet. One patient was not submitted to prophylactic 
gonadectomy because she presented severe blood dyscrasia resulting in liver 
failure and consequently died while waiting for a transplant. In the present study, 
we did not find any significant alterations amongst the dysgenetic gonads and 
controls in the expression of the studied genes, except in the SRY, TSPY e OCT4 
genes in both gonads from one patient in particular whose chromosomal 
constitution was 45,X/45,X,add(15)(p11). CONCLUSIONS: The screening of the 
Y-chromosome specific sequence is important in the clinical following of TS 
patients considering the fact that it corresponds to the proven risk of gonodal 
tumors development. Moreover, the expression analysis of possibly altered genes 
in the dysgenetic gonads environment, such as OCT4, SRY and TSPY shows that, 
in this context, the long term exposure to these factors may contribute to malign 
transformations even on the absence of histopathological alterations. The early 
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detection of such events could be of great importance in preventing the gonadal 
tumors development.  
 
 
Keywords: 1. Turner Syndrome; 2.Y chromosome; 3. Sex Cord-Gonadal Stromal 
Tumors; 4. Mosaicism; 5.Sexual differentiation and development. 
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1. Convite para Participação no Trainee Poster Competition Endo 08 
 
ENDO 08 Trainee Poster Competition - Please Respond 
 
De: McElvaine, Allison (amcelvaine@ENDO-SOCIETY.ORG)  
Você pode não conhecer este remetente. Marcar como confiável | Marcar como não confiável  
Enviada: sexta-feira, 18 de abril de 2008 14:12:27 
Para: biancobianca@hotmail.com 
 
Are you interested in competing in the Trainee Poster Competition at ENDO 08? 
PLEASE RESPOND ASAP! 
 Dear Bianca: 
 Thank you for submitting your abstract for presentation at ENDO 08! 
 You have already been informed that your abstract, “SRY Is Important in the Prevention 
of Gonadoblastoma and/or Gonadal Lesion in Turner Syndrome. Report of 87 Cases.,” was 
selected for poster presentation.  Congratulations! 
 Because your abstract was among the best scoring in its category, we now invite you to 
participate in the inaugural ENDO 08 Trainee Poster Competition. 
 If you agree to participate, your poster will be visited by 2-3 judges during the already 
scheduled presentation times.  You will compete against the best-scoring abstracts in your 
field, and one winner per session will be determined based upon the judges’ scoring of the 
poster and your presentation.  The poster competition is a wonderful opportunity for you to 
meet experts in your field and discuss your research accomplishments with them, in 
addition to having your work recognized at the world’s largest gathering of 
endocrinologists. 
 Please indicate whether you would like to participate in the poster competition by replying 
to this email AS SOON AS POSSIBLE. 
 Best regards, 
Allison 
_____________________ 
Allison T. McElvaine, PhD 
The Endocrine Society 
amcelvaine@endo-society.org 
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2. Colaboração no projeto de Mestrado de Kelly Cristina de Oliveira 
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3. Colaboração no projeto de doutorado de Alexis Dourado Guedes – Artigo aceito para 
publicação nos Arquivos Brasileiros de Endocrinologia e Metabologia 
 
A SPECIFIC BIOELECTRICAL IMPEDANCE EQUATION TO PREDICT BODY 
COMPOSITION IN TURNER’S SYNDROME 
 
UMA EQUAÇÃO DE BIOIMPENDACIOMETRIA ESPECIFICA PARA 
PREDIÇÃO DE COMPOSIÇÃO CORPORAL NA SÍNDROME DE TURNER 
 
Alexis D Guedes, Bianca Bianco, Mônica V N Lipay, Emmanuela Q Callou, 
Marise L Castro, Ieda T N Verreschi  
 
Discipline of Endocrinology, Department of Medicine, Federal University of São Paulo, 
São Paulo, Brazil. 
 
Corresponding author:  
Ieda TN Verreschi  
Rua Pedro de Toledo, 781 / 13º and. – 04039-032 - São Paulo, SP - Brazil 
Tel.: (55-11) 5574.6502 
E-mail: ieda.verreschi@unifesp.br 
 
 
Body Composition In Turner Syndrome 
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ABSTRACT 
Introduction: Cardiovascular disease is one of the main causes for Turner Syndrome (TS) 
mortality and the evaluation of their risk factors, as body fat excess and distribution, is 
considered one of the major aspects of the adult patient care. Objective: To develop and 
validate a specific bioelectrical impedance analysis (BIA) equation to predict body 
composition in TS patients. Methods: Clinical and anthropometric data, dual-energy X-ray 
absorptiometry (DXA) for total fat-free mass (FFM) and BIA for resistance and reactance 
were obtained from 50 adult TS patients. Linear regression analysis was performed with 
multiple clinical and BIA data, to obtain a predicting equation. Results: The equation 
developed to estimate FFM in adult TS patients showed great concordance with DXA, high 
correlation (r=0.974) and determination (r2=0.948) coefficients and an adequate standard 
error estimate (SEE=1.52kg). Conclusion: The specific equation developed here allowed 
making an adequate FFM estimate in adult TS patients. 
KEYWORDS: Turner syndrome; Body composition; Dual energy x ray absorptiometry, 
Electric Impedance.  
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RESUMO  
Introdução: A doença cardiovascular é uma das principais causas de mortalidade na 
Síndrome de Turner (TS) e a avaliação de seus fatores de risco, como excesso e 
distribuição de gordura corporal, é considerada um dos principais aspectos da assistência 
as paciente adultas. Objetivo: Desenvolver e validar uma equação de análise por 
bioimpedanciometria especifica para estimar massa magra na Síndrome de Turner. 
Métodos: Foram obtidos de 50 mulheres adultas com TS, dados clínicos, antropométricos, 
densitometria para massa magra total e bioimpedanciometria para resistência e reactância. 
Para obter uma equação preditora foi realizada análise de regressão linear com múltiplos 
dados clínicos e da bioimpedanciometria. Resultados: A equação desenvolvida para 
estimar massa magra na TS demonstrou grande concordância com a densitometria, altos 
coeficientes de correlação (r=0,974) e determinação (r2=0,948) e uma adequada estimativa 
do erro padrão (SEE=1,52kg). Conclusões: A equação desenvolvida possibilitou uma 
adequada estimativa da massa magra em adultas com TS. 
Descritores: Síndrome de Turner; Composição corporal; Densitometria, Impedância 
elétrica.  
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INTRODUCTION 
Turner Syndrome (TS) is a genetic condition in which the complete or partial loss of 
one of the sex chromosomes determines the birth of individuals with female phenotype and 
remarkable clinical findings such as low stature and gonadal dysgenesis (1). In the last 10 
years, the knowledge that cardiovascular disease stands as one of the main causes for TS 
mortality has intensified the evaluation of their several risk factors (2). In this context, 
body fat excess and distribution have also been explored (3). 
Bioelectrical impedance analysis (BIA) is a simple, safe, inexpensive and non-
invasive method to estimate fat-free mass, total body water, and fat mass (4). This method 
is particularly useful in determining body compartments in studies of large population 
samples(5). BIA is based on statistical equations developed from data collected in a given 
population group. The collection of anthropometric data as well as body resistance and 
reactance to a low-voltage electric current in the present sample guarantees that the 
equation developed can be applied specifically to the originally evaluated population. 
Multiple equations were developed for use with diverse population groups with 
different body characteristics. Mathematic formulas were created for healthy populations 
of different ethnicities, different age groups, varied degrees of daily physical activity, and 
populations suffering from particular conditions and diseases (6,7). However, until now, no 
equations were developed specifically for predicting body composition in Turner 
Syndrome patients.  
Dual-energy X-ray absorptiometry (DXA) has increasingly been viewed as a 
laboratory method for the estimation of total body fat. Based on the concept that photon 
attenuation is a function of tissue composition, this method was applied as a “gold 
standard” for the validation of the regression equations for BIA fat-free predictions (8). 
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The aim of the present study was to develop and validate a BIA equation for 
predicting body composition in TS patients using DXA as the reference method. 
 
METHODS 
Patients 
       The study included 50 TS patients aged 18.4 to 58.5 years recruited from the 
Endocrinology outpatient clinic of Universidade Federal de São Paulo (UNIFESP), Brazil. 
The TS patients selected for the present study had come to the clinic with complaints 
including short stature and sexual infantilism. A hormone profile of hypergonadotropic 
hypogonadism or an unexplained short stature led to cytogenetic evaluation. All patients 
included had complete epiphyseal fusion of the growth plates according to the Grewlich-
Pyle atlas (9). None of them had clinically perceptible peripheral lymphedema.  
The study protocol was approved by the local ethics committee. All TS patients 
and/or their parents gave informed consent for the study. 
 
Karyotype 
Karyotypes were determined by standard analysis of peripheral blood lymphocytes, 
and the number of metaphases analyzed followed the criteria adopted by Hook for 
detecting 8% mosaicism in 40 metaphases, with a confidence interval of 95% (10). 
Anthropometry 
Stature was measured three times with a fixed stadiometer with 0.1 cm sensitivity, in 
shoeless patients. The average of the three measurements was used for the analysis. Weight 
was measured with an electronic scale with 0.05 kg sensitivity, with patients wearing only 
undergarments and no shoes. 
Evaluation of body composition 
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Bioelectrical Impedance Analysis (BIA) 
Resistance and reactance were measured with a single-frequency (50 KHz), four-
channel bioimpedance analyzer (BIA 310, Biodynamics Corp., Seattle, WA, USA) 
according to the manufacturer’s instructions. The procedure was done with fasting patients, 
laying down in a supine position on a bed with non-conductive surface, with four 
superficial electrodes positioned on the dorsal surfaces of the right hand and foot, at the 
distal metacarpals and metatarsals, respectively, and between the distal proeminences of 
the radius and the ulna at the wrist, and the medial and lateral malleoli at the ankle.  
Dual-energy X-ray absorptiometry  
A DXA scanner (Hologic QDR 4500C, Hologic Inc, Bedford, MA, USA) was used 
for whole-body scan composition evaluation of the total and segmented soft section (arms, 
legs and torso). 
Statistical analysis 
Descriptive statistics were done for age, weight, height, BMI, resistance and 
reactance parameters (BIA), fat-free body mass, total and perceptual fat (DXA). With the 
data obtained by DXA as reference, stepwise multiple regression analysis was used to 
develop a predicting equation of the fat-free mass for BIA. Predicting variables gathered 
through BIA parameters and anthropometry were progressively added to the equation 
model, in order to obtain the highest level of correlation and reduce the estimate margin of 
error. Bland and Altman analysis was used to assess the agreement between the fat-free 
mass estimated by the regression equation developed and the one obtained by DXA. This 
analysis consists in establishing the joint mean of the difference between the results of the 
measurements obtained by both instruments used, followed by the plotting of the 
difference of each case individually. The bias, the confidence interval for the agreement 
limit and finally the validity of the instrument studied were evaluated from the interval 
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between two standard errors above and two standard errors below the mean difference 
(11). 
Three validated equations to estimate FFM in populations without TS were applied 
to the present study sample, in order to compare the FFM data obtained by DXA. The 
determination coefficient,  the bias and the limits of agreement by the Bland and Altman 
analysis were used to compare the FFM results and differences from DXA obtained with 
the equations of Heitmann(12) [0.279 X stature2/resistance (cm2/ohms) + 0.181 X weight 
(kg) + 0.231 X stature (cm) - 0.077 X age (years) -14.94], Segal et al(13) [0.00108 X 
stature (cm) - 0.0209 X resistance (ohms) + 0.23199 X weight (kg) - 0.06777 X age (years) 
+ 14.59453], Kyle et al(14) [- 4.104 + 0.518 X stature 2/resistance (cm2/ohms) + 0.231 X 
weight (kg) + 0.13 X reactance (ohms)] and of this study. The significance level was set at 
p< 0.05. 
 
RESULTS 
The Karyotypes of the Turner Syndrome patients were distributed as shown in Table 
1. 
The predicting equation developed to estimate the FFM of the 50 TS patients through 
BIA is described in Table 2. 
The evaluation of the relative importance of each variable individually and 
associated with the rest in the equation is presented in Table 3. 
The Bland and Altman analysis evaluating the BIA formula applied to the full sample 
and the scatter plot illustrating the correlation with the DXA findings are shown in Figure 
1. By the Bland and Altman analysis, the mean difference and standard deviation of the 
FFM obtained by DXA and BIA was 0.06 and 1.48kg, respectively, the agreement for the 
limit interval (2SD) being between +3 and -2.9kg. 
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The determination coefficient and agreement, analyzed by the Bland and Altman 
method, between the FFM of the Turner’s syndrome patients obtained by DXA and the 
estimates obtained by the regression equation for BIA of this study and by equations from 
three other studies are presented in Table 4. 
 
DISCUSSION 
Previous studies that evaluated body composition in adult women with TS and 
estimated the percentage of body fat distribution and FFM have utilized several methods 
and equipments. There have been evaluations done by skinfold measurement (15,16) 
ultrasonography (17), DXA (18,19), BIA (20,21) and magnetic resonance imaging (22). If, 
on one hand, they produce high-quality information, on the other, some of these 
instruments are relatively expensive and have little mobility (23). BIA is characterized by 
being simple to perform, low-cost and of good mobility, which singles it out for population 
studies which demand large samples and may require the displacement of researchers for 
field data collection. Previous studies which used BIA for body composition evaluation in 
TS did so by using equations developed for normal populations or equations not made 
freely available by the bioelectrical impedance analyzer manufacturers (24,25). Based on 
multiple linear regression models, the development of predicting equations is specific for 
the populations from which the original samples were collected. Population groups with 
particular characteristics determine the need for specific mathematic formulae. Knowing 
that BIA is based on the theoretical relationship between the volume of the organic 
conductor and its resistance to an established electric current and that, putting it simply, the 
volume depends on the length and transversal area of that conductor, both height and other 
anthropometric body characteristics definitely influence its measuring (26). TS patients 
have physical characteristics which distinguish them from normal women. The differences 
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in body proportions are remarkable. These patients have a low arm span, short stature and 
high bi-iliac diameters compared to normal women (27). These particular anthropometric 
measurements justify the need for specific BIA equations developed for this population 
group. 
Considering that life expectancy of TS patients is reduced, mainly due to 
cardiovascular disease, and that the presence of risk factors associated to obesity is more 
prevalent than in women without this genetic alteration (28), validation of specific body 
composition analysis instruments is clearly needed. 
In this study, performed in an adult population with Turner Syndrome, we developed 
a predicting equation for FFM to be used with BIA and compared it with three previously 
developed equations, appropriate however for normal populations (without TS). 
As in several equation validation studies for BIA, here the interaction of the ratio 
established between the square stature and resistance (S2/R) and anthropometric data 
defined an equation with a high degree of agreement with the method used for comparison 
(DXA). In this equation, the weight gave the greatest contribution among the variables 
studied, followed by the S2/R ratio. Combined, they could explain more than 90% of the 
FFM variance (r2=0.933). Stature was the only other variable that significantly contributed 
to the equation, with the increase of the multiple regression determination coefficient and 
with the reduction of the standard estimation error (r2=0.948, SEE 1.519). 
Regarding the size of the study sample, it can be considered adequate for the 
development of the BIA equations, taking into account the prevalence of TS in the 
population, 1:2500 to 1:3000 of live born girls, and their peculiar body characteristics (29). 
Nevertheless, the number of participants limited the possibility of validating the equation 
in a TS sample different from the one used to build the equation. This procedure could 
have enhanced the power of the developed equation. 
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In the TS sample studied, the Bland and Altman analysis used to compare the FFM 
obtained by DXA with that obtained using the regression equation developed by us, and 
also those previously validated by Segal et al. (30), Heitmann (31), and Kyle et al.(32), an 
acceptable agreement was demonstrated for all comparisons made. As expected, the limits 
for the agreement and mean differences between the FFM measured by DXA and the one 
predicted by BIA were lower for the equation originated by the sample of TS women of 
this study. However, only the validation of the equation developed in the present study in 
independent samples of Turner Syndrome women can determine if it is actually superior to 
the other, previously developed equations. 
 
CONCLUSION 
To our best knowledge, the present study is the first one to validate a specific 
equation for adult TS patients. Additional studies are necessary to confirm the validity of 
this equation. 
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Table 1. Cytogenetic characterization of the TS patients studied. 
 
Karyotype n 
45,X 36 
45,X/46,XX 3 
45,X/46,X,i(X)(q10) 3 
45,X/46,XY 1 
45,X/46,XX,+mar 1 
45,X/46,XX,p+ 1 
45,X/47,XXX 1 
45,X/46,XX,add(X)(q22) 1 
45,X/46,XX,add(15)(p11) 1 
46,X,derX(p11.2) 1 
46,X,idicX(q10) 1 
TOTAL 50 
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Table 2. Anthropometric data, BIA and DXA results of the 50 TS patients studied. 
 
 Mean Standard Deviation (SD) 
Age (years)* 28.2 9.9 
Weight (Kg) 52.2 14.1 
Stature (m) 1.43 0.07 
BMI (Kg/m2) 25.1 5.28 
Resistance 651.3 90.9 
Reactance 80.4 18.4 
DXA total fat (g) 18455.9 8331.0 
DXA fat-free mass (g) 33822.5 6453.0 
Fat percentage (%) 34.0 6.4 
                         * median age = 24.9 years 
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Table 3. Relative importance of BIA variables in predicting FFM in Turner Syndrome 
patients  
 
Variable r r2 SEE p 
S2/R 0.86 0.739 3.328 < 0.001 
W 0.942 0.887 2.189 < 0.001 
S 0.704 0.496 4.630 < 0.001 
S2/R + W 0.966 0.933 1.701 < 0.001 
S2/R + W + S 0.974 0.948 1.519 < 0.001 
                         S2/R= stature2/resistance; W=Weight; S=Stature; r=correlation coefficient; 
                              r2=determination coefficient; SEE = standard error estimation 
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Table 4. Determination coefficient, agreement limits and bias of the sample analysis with 
the present study equation and three others ones.  
 Bias*(kg) Agreement limits (Kg) r2 
Present study  0.06kg -2.89 to+ 3,02 0.948 
Segal et al.[1988] -0.37kg -3.89 to + 3,15 0.925 
Heitmann[1990] 0.67kg -3.83 to + 5,18 0.889 
Kyle et al.[2001] -1.35kg -6.48 to + 2,56 0.848 
              r2= determination coefficient 
               *Mean difference between the FFM measured by DXA and using the regression equations for BIA. 
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Figure1. BIA-based FFM estimation equation and FFM mean (+SD) measured by DXA 
and estimated by BIA in the TS sample studied. 
 
Figure 2. Scatter plot illustrating the BIA correlation with the DXA(A). Bland and Altman 
analysis evaluating the BIA formula applied to the full sample (B). 
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Figure1. 
 
FAT-FREE MASS by BIA (g) 
= -11.068 + 0.307 X S2/R (cm2/ohms) + 0.286 X weight.(Kg) + 0.14 X stature.(cm) 
 
FFM DXA measured (mean + SD) = 33.82 + 6.45 kg 
FFM BIA estimated (mean + SD) = 33.89 +  6.29 kg  r=0.974, SEE =1.52 kg 
N=50 
S2/R = stature2/resistance; r=correlation coefficient; SEE = standard error estimation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ______________________________________________________________________ 
Bianca Bianco  
168
Figure 2.  
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Prevalence of the Polymorphism MTHFR A1298C and not 
MTHFR C677T Is Related to Chromosomal Aneuploidy in 
Brazilian Turner Syndrome Patients
ABSTRACT
Background: Dysfunctions in the folate metabolism can result in DNA hypom-
ethylation and abnormal chromosome segregation. Two common polymor-
phisms of this enzyme (C677T and A1298C) reduce its activity, but when 
associated with aneuploidy studies the results are confl icting. The objective 
of the present study is to analyze the MTHFR gene polymorphisms in women 
with Turner Syndrome and in a control group, correlating the fi ndings to the 
chromosomal aneuploidy. Methods: The study comprised 140 patients with 
Turner Syndrome, of which 36 with chromosome mosaicism and 104 non-
mosaics, and a control group of 209 fertile and healthy women without a his-
tory of any offspring with aneuploidy. Polymorphisms C677T and A1298C 
were studied by RFLP-PCR and the results were statistically analyzed. Results: 
The frequency of genotypes MTHFR 677CC, 677CT and 677TT in the patients 
with Turner Syndrome and chromosome mosaicism was, respectively, 58.3%, 
38.9% and 2.8%. Among the patients with non-mosaic Turner Syndrome, 
47.1% presented genotype 677CC, 45.2% genotype 677CT, and 7.7% genotype 
677TT. Among the 209 individuals of the control group, genotypes 677CC, 
677CT and 677TT were found at the following frequencies: 48.3%, 42.1% and 
9.6%, respectively. As for polymorphism A1298C, the patients with Turner Syn-
drome and chromosome mosaicism presented genotypes 1298AA, 1298AC 
and 1298CC at the following frequencies: 58.3%, 27.8% and 13.9%, respectively. 
Among the non-mosaic Turner Syndrome patients, genotype 1298AA was 
found in 36.5%, genotype 1298AC in 39.4%, and genotype 1298CC in 22.1%. In 
the control group, genotypes 1298AA, 1298AC and 1298CC were present at the 
following frequencies: 52.6%, 40.7% and 6.7%, respectively. Conclusion: No 
correlation was observed between the MTHFR gene polymorphism 677 and 
chromosomal aneuploidy in the Turner Syndrome patients. However, the MTH-
FR gene polymorphism at position 1298, mainly genotype 1298CC that reduces 
the enzyme effi ciency, was more frequent in the group of Turner Syndrome 
patients, suggesting its involvement in mechanisms related to chromosomal 
imbalances. (Arq Bras Endocrinol Metab 2008; 52/8:1374-1381)
Keywords: Turner syndrome; MTHFR gene; Polymorphism; Aneuploidy; 
Chromosomal imbalance
RESUMO
A Prevalência do Polimorfi smo A1298C e não do C677T do Gene MTHFR está 
Relacionada à Ocorrência de Aneuploidias Cromossômicas em Mulheres 
Brasileiras Portadoras da Síndrome de Turner.
Introdução: Disfunções no metabolismo dos folatos podem resultar em 
hipometilação do DNA e na segregação cromossômica anormal. Dois poli-
morfi smos comuns no gene MTHFR (C677T e A1298C) reduzem a atividade 
da enzima e, quando associados a estudos de aneuploidias apresentam re-
sultados confl itantes. O objetivo do presente estudo foi a análise dos poli-
morfi smos do gene MTHFR em mulheres portadoras da síndrome de Turner 
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e em indivíduos de grupo-controle, correlacionando os achados ao mecanis-
mo de formação de aneuploidias cromossômicas. Métodos: Foram estuda-
das 140 portadoras da síndrome de Turner sendo 36 com mosaicismo 
cromossômico e 104 não-mosaicos, e um grupo-controle composto por 209 
mulheres férteis e saudáveis sem história de prole com aneuplodia. Os poli-
morfi smos MTHFR C677T e A1298C foram estudados por RFLP-PCR e os re-
sultados analisados estatisticamente. Resultados: A freqüência dos genótipos 
MTHFR 677CC, 677CT e 677TT nas pacientes portadoras de síndrome de 
Turner e mosaicismo cromossômico foi, respectivamente, 58,3%, 38,9% e 
2,8%. Das pacientes portadoras de síndrome de Turner não-mosaico, 47,1% 
apresentaram o genótipo 677CC, 45,2% o genótipo 677CT e 7,7% apresen-
taram o genótipo 677TT. Nos 209 indivíduos do grupo-controle, os genótipos 
677CC, 677CT e 677TT foram encontrados nas seguintes freqüências: 48,3%, 
42,1% e 9,6%, respectivamente. Quanto ao polimorfi smo A1298C, as portado-
ras de síndrome de Turner e mosaicismo cromossômico apresentaram os 
genótipos 1298AA, 1298AC e 1298CC nas seguintes freqüências: 58,3%, 27,8% 
e 13,9%, respectivamente. Já nas portadoras de Síndrome de Turner não-
mosaico, o genótipo 1298AA foi encontrado em 36,5%, o genótipo 1298AC 
em 39,4% e o genótipo 1298 CC em 22,1% . No grupo-controle, os genótipos 
1298AA, 1298AC e 1298CC estavam presentes nas freqüências 52,6%, 40,7% 
e 6,7%. Conclusão: Não foi observada correlação entre o polimorfi smo C677T 
do gene MTHFR e a aneuploidia cromossômica presente nas portadoras de 
síndrome de Turner. O polimorfi smo A1298C do gene MTHFR, principalmente 
o genótipo 1298CC, foi mais freqüente nas portadoras de síndrome de Turner, 
sugerindo seu envolvimento no mecanismo de formação de aneuploidias 
cromossômicas. (Arq Bras Endocrinol Metab 2008; 52/8:1374-1381)
Descritores: Síndrome de Turner; Gene MTHFR; Polimorfi smo; Aneuplodia
INTRODUCTION 
Approximately 15-20% of the clinically recognized pregnancies are spontaneously aborted, most of 
them during the fi rst trimester (1). Cytogenetic studies 
of spontaneous abortions have revealed that chromoso-
me abnormalities are the main cause, contributing with 
about 50 to 60% of the cases (2,3). Sex chromosome 
monosomy is the most common chromosomal abnor-
mality in humans, occurring in about 1 to 2% of all 
pregnancies (4). The liveborn 45,X individuals present 
the clinical characteristics of the Turner Syndrome 
(TS). Some authors believe that the presence of ano-
ther sex chromosome is essential at some time of the 
embryonic life, once 99% of the 45,X conceptuses do 
not reach term (5). The high frequency of mosaicism 
makes the Turner Syndrome an anomaly of great inte-
rest in the search for clarifi cation of the nondisjunction 
mechanism.
The molecular mechanisms which determine chro-
mosomal nondisjunction are not well known so far, but 
dysfunctions in folate metabolism and methylation may 
result in DNA hypomethylation and in abnormal chro-
mosome segregation. There are data in the literature 
correlating metabolic folate defi ciency with aneuploidy 
of chromosomes 17 and 21 in human lymphocytes (6). 
Methylenetetrahydrofolate reductase (MTHFR) plays a 
crucial role in the regulation of DNA methylation. 
The MTHFR gene, located on the short arm of 
chromosome 1 (1p36.3), presents two common poly-
morphisms involving nucleotides C677T and A1298C. 
The change of C for T at position 677 causes the subs-
titution of alanine for valine in the MTHFR protein 
and the consequent reduction in enzyme activity. The 
specifi c activity of the MTHFR enzyme is reduced by 
35% in the presence of heterozygosis, genotype C/T, 
compared to the normal genotype C/C, and by 70% in 
homozygosis, genotype T/T. Polymorphism A1298C 
brings about the substitution of a glutamate for a vali-
ne, causing a reduction in the enzyme activity that is 
more effective when in homozygosis (7-10).
MTHFR catalyzes the synthesis of 5-methylte-
trahydrofolate, the main methyl donor for the reme-
thylation of homocysteine to methionine. Homocysteine 
is an amino acid formed by the demethylation of me-
thionine, an essential amino acid (Figure 1). 
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Polymorphism C677T is located within the catalytic 
domain of the protein, whereas A1298C is located wi-
thin the presumably regulatory domain. Polymorphism 
A1298C infl uences the specifi c activity of the enzyme 
and also the folate concentration, but with less impact 
than polymorphism C677T (10).
Folate is essential for the synthesis of nucleotide 
precursors (used in DNA synthesis), for the methyla-
tion reactions (7) and for the conversion of uracil 
(dUMP) to thymidylate (dTMP) (8). In the eukaryotic 
cells, about 5% of the cytosine residues are methylated 
forming 5-methylcytosine that have both a structural 
and regulatory signifi cance (9).
A reduction in the MTHFR enzyme activity requi-
res an increased folic acid intake to keep the remethyla-
tion of homocysteine into methionine normal (9). 
Consequently, low folate concentrations in individuals 
with a reduced MTHFR enzyme activity result in an 
increase in the homocysteine levels and a decrease in 
plasma methionine. Intracellular homocysteine is asso-
ciated with DNA-methyltransferase inhibition and 
DNA hypomethylation (11). 
The metabolic pathways of folate can be modifi ed 
by polymorphisms in relevant genes such as MTHFR, 
or by the action of carcinogenic elements, as for exam-
ple alcohol or tobacco (12). 
According to Santos and cols. (13), Turner syndro-
me may be an investigation model for MTHFR gene 
polymorphisms for somatic chromosomal non-disjunc-
tion, due to the high frequency of chromosome mosai-
cism in these patients. These authors studied 49 TS 
patients and 200 controls and found a high frequency 
of genotype C677T/C677T in TS patients group. 
They concluded that, when in homozygosis, this muta-
tion can have a somatic effect on chromosomal non-
disjunction through a decrease in MTHFR activity in 
TS patients.
Thus, the objective of the present study is to analyze 
polymorphisms C677T and A1298C of the MTHFR 
gene in women with Turner Syndrome with and wi-
thout chromosome mosaicism and in a control group, 
correlating the fi ndings with the origin of chromoso-
mal aneuploidy.
SUBJECTS AND METHODS
Patients and controls
Screening of the individuals was performed at the Go-
nads and Development Outpatient Clinic of the Disci-
pline of Endocrinology of Unifesp-EPM and of the 
Medical Genetics and Molecular Biology Unit of the 
General Hospital from University of Cuiaba, and a to-
tal of 140 women who were under clinical follow-up 
and had a confi rmed cytogenetic diagnosis of Turner 
Syndrome were included in the study. Of these, 36 had 
chromosome mosaicism cytogenetically detected and 
104 were non-mosaics (Table 1). The control group 
comprised blood sample of 209 fertile women in good 
health and without history of children with chromoso-
me aneuploidies from Familiar Planning Outpatient 
DNA + protein
methylation
SAH
homocysteine
cysteine
5-methyl THF
dUMP dTMP
DNA
synthesis
& repair
MTHFR
FAD
5,10-methylene DHF
methionine
SAM
CH3
THF
THF
Figure 1. Folate cycle8.
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Clinic of the  Medicine College from ABC. The study 
protocol was approved by the local research ethics com-
mittee (CEP 1902/06). All TS patients and/or their 
parents gave informed consent for the study.
Evidencing the current trend towards an earlier 
diagnosis of TS, the reasons for seeking medical atten-
tion went from prenatal diagnosis, short stature, and 
primary amenorrhea to infertility. A hormone profi le 
consistent with hypergonadotropic hypogonadism or 
an unexplained short stature in females led to cytoge-
netic evaluation. 
Methods
Karyotypes were determined by standard cytogenetic 
analysis of peripheral blood lymphocytes, and the number 
of metaphases analyzed by G banding followed Hook’s 
(1977) (14) criteria for detecting 8% mosaicism in 40 
metaphases, with a confi dence interval of 95%. For ge-
nomic DNA extraction, peripheral blood was collected 
according to the protocol developed by Lahiri and Num-
berger (1991) (15), with modifi cations.
The primers for amplifi cation of regions 677 and 
1298 of the MTHFR gene were the following: 677F - 
(5´-TGAAGGAGAAGGTGTCTGCGGGA-3´), and 
677R - (5´-AGGACGGTGCGGTGAGAGTG-3´) (16); 
and 1298F - (5´-CAAGGAGGAGCTGCTGAAGA-3´) 
exonic primer and 1298R (5´-CAACTCCAGCAT-
CACT-3´) intronic primer (17) (Figure 2). 
PCR was performed in a fi nal reaction volume of 
50 µL containing 200 ng of genomic DNA, 10 mM of 
MgCl2, 10 mM, 2.5 U of Taq DNA polymerase (Invit-
rogen), 10 mM of Tris-HCl (pH8.4), 50 mM of KCl, 
3.0 mM of MgCl2, 0.2 µM of each primer. Amplifi ca-
tion was carried out in a thermal cycler (Perkin Elmer 
7500®) and consisted of a 5 min denaturing step at 
95ºC, followed by 35 cycles of 1 min at 95ºC (dena-
turing), 1 min of annealing at 61ºC and 1 min at 72ºC 
(extension), followed by a fi nal extension cycle of 7 min 
at 72ºC. The whole reaction product was electrophore-
sed on 1.0% agarose gel and stained with ethidium bro-
mide to verify the success of the amplifi cation.
For identifi cation of polymorphism C677T we had 
used the HinfI enzyme. Digestion with the restriction 
enzyme was carried out in a fi nal volume of 50 µL, us-
ing 30 µL of PCR product, 13.5 µL of distilled water, 
15 units of HinfI enzyme, and 5.0 µL of buffer. The 
samples were incubated for at least 3h at 37ºC. Size 
analysis of the restriction fragments was visualized after 
separation of the PCR products digested by electro-
phoresis gel containing 3% agarose and stained with 
ethidium bromide. 
For identifi cation of polymorphism A1298C we 
had used the MboII enzyme. Digestion with the restric-
tion enzyme was carried out in a fi nal volume of 50µL, 
using 30µL of PCR product, 14µL of distilled water, 
10 units of HinfI enzyme, and 5.0µL of buffer. The 
samples were incubated for at least 1h at 37ºC. Size 
analysis of the restriction fragments was visualized after 
separation of the PCR products digested by electro-
phoresis gel containing 3% agarose and stained with 
ethidium bromide. 
Polymorphism C677T creates a recognition se-
quence for the restriction enzyme HinfI, and this is de-
tected by digestion of the 198-bp PCR product, 
generating 23- and 175-bp fragments for the polymor-
phism in homozygosis (genotype TT), because the 23-
bp fragment is not retained in the gel. Genotype CC is 
characterized by the presence of a 198-bp fragment, 
and genotype CT is characterized by the presence of 
two fragments, one with 198 bp and the other with 
175 bp. 
Table 1. Karyotype and number of patients with Turner syn-
drome evaluated.
Number of Patients Karyotype
95 45,X
1 46,X,+mar
18 45,X/46,XX
1 45,X/47,XXX
5 45,X/46,X,+mar
3 45,X/46,X,i(X)(q10)
1 45,X/45,X,add(15)(p11)
2 45,X/46,X,r(X)
7 46,X,i(X)(q10)
1 45,X/46,X,idic(Yp)
1 45,X/46,XX,p+
1 45,X/46,XY
1 46,X,der(X)(p11.2)
1 46,X,der(X)/45,X
1 45,X/46,X,dup(X)(q25-q21)
Total 140
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A
CTL TT CC CT
MTHFR C677T
198 bp
175 bp
B
ACL CC AA
100 bp
72 bp
MTHFR A1298C
Figure 3. Polymorphism analysis of the methylenetetrahydrofolate reductase gene (MTHFR) amplicons by agarose gel elec-
trophoresis after restriction endonuclease digestion (RFLP). A) – ¨677 position was digested by HinfI revealing the genotypes 
CC(wild type)(198bp band), CT and TT (175bp band). B) – 1298 position was digested by MboII and presented the genotypes 
AA (wild type, 100bp band), AC and CC (72bp band).
A
677 F➝
Site Hinfl 677
5 - TGAAGGAGAAGGTGTCTGCGG ATTTCATCATCACGCAGCTTTTCTGA GCCG▼
TTGAGGCT GACACAT CGCTTTGTGAAGGCATGCACCGACATGGGCATCTCTTC▼
ACTTGCCCCATCGTCCCCGGGATCTTTCCCATCCAGgtgaggggcccaggagagcccataagctccc
677 R
Tccaccccactctcaccgcaccgtcct-3'
B
Site Mboll
Site Mboll
1298
1298 F
5' - CAAGGAGGAGCTGCT TCTGGGGG GAGGAGCTGACCAGT AGAAGA GAAGA▼
AGTGTCT TTGAAGTCTTTGTTCTTTACCTCTCGGGAGAACCAAACCGGAATGG▼
1298 R
TCACAAAgtgagtgatgctggagtgg-3'
➝
➝
➝
➝
➝
Figure 2. MTHFR gene fragment with primer sequence and 
the recognition site of the restriction enzymes used in the ex-
periment17.
There are present two sites of recognition for the 
restriction enzyme MboII in the 128-bp fragment ob-
tained by PCR that contains the 1298 region. After di-
gestion, the most common genotype, 1298AA, has 
originated three fragments (28, 28 and 72-bp) but is 
characterized just by the fragment that contains 72-bp, 
as another two were not retained in the gel.  The geno-
type CC is determined by the 100-bp alone and the AC 
genotype is determined by the presence of both frag-
ments of 72 and 100-bp in the gel (Figure 3). The re-
sults were statistically analyzed using the chi-square test.
RESULTS
The distribution of genotypes MTHFR 677CC, 677CT 
and 677TT, and of genotypes 1298AA, 1298AC and 
1298CC in Turner Syndrome patients with and wi-
thout chromosomal mosaicism and in the controls is 
shown in Table 2.
The frequency of genotypes MTHFR 677CC, 
677CT and 677TT in the patients with Turner Syn-
drome and chromosomal mosaicism was, respectively, 
58.3%, 38.9% and 2.8%. Among the patients with non-
mosaic Turner Syndrome, 47.1% presented genotype 
677CC, 45.2% genotype 677CT, and 7.7% genotype 
677TT. Among the 209 individuals of the control group, 
genotypes 677CC, 677CT and 677TT were found at 
the following frequencies: 48.3%, 42.1% and 9.6%, re-
spectively. As for polymorphism A1298C, the patients 
with Turner Syndrome and chromosomal mosaicism 
presented genotypes 1298AA, 1298AC and 1298CC at 
the following frequencies: 58.3%, 27.8% and 13.9%, re-
spectively. Among the non-mosaic Turner Syndrome 
patients, genotype 1298AA was found in 36.5%, geno-
type 1298AC in 39.4%, and genotype 1298CC in 22.1%. 
In the control group, genotypes 1298AA, 1298AC and 
1298CC were present at the following frequencies: 
52.6%, 40.7% and 6.7%, respectively. 
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There were no signifi cant differences in the geno-
type distributions considering three groups (TS patients, 
TS with somatic mosaicism and control group) for the 
677TT polymorphism. However, when compared the 
genotype frequency between the control group and TS 
patients was observed a statistical signifi cant difference 
for 1298CC genotype (p= 0.001), that was associated 
with an increased risk of aneuploidy. Considering the 
presence of both simultaneously 677TT and 1298CC, 
no statistically difference was also found.
DISCUSSION
Turner Syndrome (TS) is one of the most common 
chromosome anomalies in humans, present in 1:2500 
of female liveborns. It is characterized by short stature, 
gonadal dysgenesis, primary amenorrhea, sexual infan-
tilism, and multiple congenital anomalies (5).
A 45,X karyotype is found in 40-60% of TS patients 
(5), the others being mosaics with a 45,X cell line ac-
companied by others, with two or more X chromoso-
mes. Approximately 30% of all cases present structural 
alterations of the X chromosome  whether in homoge-
neous or in mosaic karyotypes including a 45,X cell line, 
and fi nally about 5% are accounted for by patients with 
structural alterations of the Y chromosome as well as 
mosaics, with a cell line accompanied by others which 
include at least one Y chromosome, complete or not. 
It is estimated that 15-20% of the human concep-
tuses carry chromosomal anomalies due to errors in 
meiosis which are most of the time lethal to the fetus 
(18). The mechanism most frequently involved in the 
generation of aneuploidies is chromosome nondisjunc-
tion, when the homologous chromosomes or the sister 
chromatids fail to separate. Chromosomal nondisjunc-
tion is a rare adverse event that occurs preferentially 
during oocyte maturation (meiosis I), originating ga-
metes which are nullisomic or disomic for a given chro-
mosome (19) or at the time of conception (meiosis II) 
(20,21). To data, advanced age is the only well-establi-
shed risk factor.
Besides nondisjunction, other two mechanisms can 
generate aneuploidies: anaphase delay, a delay in the 
separation of homologues or sister chromatids during 
anaphase (16); and a defect in the reactions mediated 
by methionine synthase, caused by genetic and/or diet-
related factors, leading to abnormal segregation of the 
chromosomes by an indirect effect of the DNA me-
thylation patterns in the oocytes (22).
Some studies had revealed that chromosomal mal-
segregation effects could occur due to nondisjunction, 
also in somatic cells in young women that beared a 
child with Down syndrome, suggesting the existence of 
genetic or environmental factors responsible for the 
formation of monosomic/disomic gametes (23). 
The study by James and cols. (24) was the fi rst to 
suggest an association between abnormal folate meta-
bolism and the occurrence of trisomy 21-affected preg-
nancies in a sample of young mothers. Folate and 
homocysteine metabolism can be infl uenced by genetic 
variants not only in MTHFR, but in other genes related 
to folate metabolism. However, some studies consider 
Table 2. Frequency of MTHFR gene polymorphisms C677T and A1298C detected in patients presenting Turner Syndrome with 
and without chromosome mosaicism and in the individuals of the control group. 
TS patients with 
mosaicism
TS patients without 
mosaicism
Controls
Gene polymorphism Gendtype n % n % n % p
CC 21 58,3 49 47.1 101 48.3 0.557
MTHFR 677 CT 14 38,9 47 45,2 88 42,1 0,548
TT 1 2.8 8 7.7 20 9.6 0.502
Total 36 104 209
AA 21 58.3 38 36.5 110 52.6 0,46
MTHFR 1298 AC 10 27.8 41 39.4 85 40.7 0.490
CC 5 13.9 23 22.1 14 6.7 <0.001
Total 36 104 209
Statistical signifi cance was determined at p<0,05,
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that nutritional defi ciencies in folic acid or vitamin B12 
are often necessary to detect phenotypic expression of 
these gene variants (9,25), as can be associated with 
elevated levels of plasma homocysteine. Chango and 
cols (25), studying MTHFR polymorphism on A677T 
in a French population are in accordance with some 
previous studies that could not establish a correlation 
between TT and homocysteine, suggesting that folate 
intake in France may nullify any effect of this delete-
rious genotype in the carrier. Similar results have also 
been found in an Italian study conducted by Bosco and 
cols. (26). Both studies suggested that the Mediterra-
nean diet high in folate could nullify a possible effect of 
MTHFR polymorphism on risk of chromosomal aneu-
ploidy development. These results are also consistent 
with the low frequency of neural-tube defects in both 
countries (27). 
Chronic folate defi ciency, and consequently of the 
methyl radical, has been associated with abnormal DNA 
methylation (28), non-disjunction by hypomethylation 
(7,24), DNA strand breaks, alterations in DNA recom-
bination, aberrant chromosomal segregations, and ex-
cessive incorporation of uracil in the DNA (8). There 
are studies showing that DNA hypomethylation, cau-
sed by a decrease in the folate concentration, can indu-
ce chromosome losses, probably resulting from the low 
condensation of the pericentromeric region (28).
Hobbs and cols. (7) reported that pericentromeric 
DNA methylation is of extreme importance to chro-
mosome stability and normal segregation. Stern and 
cols. (29) investigated whether the MTHFR gene mu-
tation C677T affected the genomic DNA methylation 
and found that individuals with the mutated genotype 
have a greater capacity to receive the methyl group than 
normal individuals, indicating hypomethylation in ge-
notype 677TT. DNA methylation can be used as a 
functional indicator of the folate levels, once folate 
plays a critical role in the prevention of chromosome 
breaks and DNA hypomethylation (28). 
Several studies have been published that aim to 
evaluate the role of the MTHFR polymorphisms in the 
risk of chromosomal aneuploidies, specially Down syn-
drome and the results are often confl icting, specially 
due to the small size of the samples. However, these 
studies are useful, as they can both underline particular 
associations in a defi ned population or be indicative of 
a more general potential association so that, when eva-
luating combined results produced to date, some gene-
ral information can be drawn (6).
The interaction between different polymorphisms 
may totally modify their individual effect and that some 
of those effects are different in carriers that had child 
with chromosomal aneuploidy and normal ones (30).
The present observations are in confl ict with previous 
results of the literature, studying less than 50 TS patients 
with multiple karyotype presentation (13). Some conside-
rations may be done related to the small sample of TS 
patients and the heterogeneity of the control group. We 
found no correlation between chromosomal nondisjunc-
tion in Turner Syndrome patients and the C677T poly-
morphism of the MTHFR gene. Polymorphism MTHFR 
A1298C was more frequent among the Turner Syndrome 
patients in the present study and, although it has less im-
pact on the enzyme activity than polymorphism MTHFR 
C677T, data suggests that this polymorphism contributes 
to the formation of aneuploidies. 
No correlation was observed between polymor-
phism C677T of the MTHFR gene and the chromoso-
me nondisjunction of the Turner Syndrome patients. 
Polymorphism A1298C of the MTHFR gene, mainly 
genotype 1298CC, was more frequent in the patients 
with Turner Syndrome, suggesting its involvement in 
the origin of chromosomal imbalances. 
Acknowledgments: Financial support Fapesp (2007/03295-0). No 
potential confl ict of interest relevant to this article was reported.
REFERENCES
1. Warbuton D; Fraser FC. Spontaneous abortion risks in man: 
data from reproductive histories collected in a medical genetic 
unit. Am J Hum Genet. 1964;16:1-25. 
2. Hassold T, Chen N, Funkhouser J, Jooss T, Manuel B, Mat-
suura J, et al. A cytogenetic study of 1000 spontaneous abor-
tions. Ann Hum Genet. 1980;44:151-78.
3. Nagaishi M, Yamamoto T, Iinuma K, Shimomura K, Berend 
AS, Knops J. Chromosome abnormalities identifi ed in 347 
spontaneous abortions collected in Japan. J Obstet Gynaecol 
Res. 2004;30:237-41.
4. Hassold TJ. Chromosome abnormalities in human reproduc-
tive wastage. Trends Genet. 1986;2:105-10.
5. Hook EB; Warburton D. The distribution of chromosomal gen-
otypes associated with Turner´s syndrome: livebirth preva-
lence rates and evidence for diminished fetal mortality and 
severity in genotypes associated with structural X abnormali-
ties or mosaicism. Hum Genet. 1983;64:24-7.
6. Coppedè F, Marini G, Bargagna S, Stuppia L, Minichilli F, Fon-
tana I, et al. Folate gene polymorphisms and the risk of Down 
syndrome pregnancies in young Italian women. Am J Med 
Genet A. 2006;140:1083-91.
7. Hobbs CA, Sherman SL, Yi P, Hopkins SE, Torfs CP, Ne RJ, et al. 
Polymorphisms in genes involved in folate metabolism as ma-
ternal risk factors for Down syndrome. Am J Hum Genet. 
2000;67:623-30.
Arq Bras Endocrinol Metab 2008;52/8 1381
Prevalence of MTHFR Gene Polymorphism (C677T AND A1298C) 
Oliveira et al.
c
o
p
yr
ig
h
t©
 A
BE
&
M
 t
o
d
o
s 
o
s 
d
ire
ito
s 
re
se
rv
a
d
o
s
8. Crott JW, Mashiyama ST, Ames BN, Fenech MF. The effect of 
folic acid defi ciency and MTHFR C677T polymorphism on 
chromosome damage in human lymphocytes in vitro. Cancer 
Epidemiol Biomarkers Prev. 2001;10:1089-96.
9. Bailey LB, Gregory JF 3rd. Polymorphisms of methylenetetra-
hydrofolate reductase and other enzymes: metabolic signifi -
cance, risks, and impact on folate requirement. J Nutr. 
1999;129:919-22.
10. van der Put NM, Gabreels F, Stevens EM, Smeitink JA, Trijbels 
FJ, Eskes TK, et al. A second common mutation in the methyl-
ene-tetrahydrofolate reductase gene: An additional risk for 
neural-tube defects? Am J Hum Genet. 1998;62:1044-51.
11. Melnyk S, Pogribna M, Pogribny IP, Yi P, James SJ. Measure-
ment of plasma and intracellular S-adenosylmethionine and 
S-adenosylhomocysteine utilizing coulometric electrochemi-
cal detection: alterations with plasma homocysteine and pyri-
doxal 5´-phosphate concentrations. Clin Chem. 2000;46: 
265-72.
12. Shi Q, Zhang Z, Li G, Pillow PC, Hernandez LM, Spitz MR, et al. 
Sex differences in risk of lung cancer associated with methyl-
ene-tetrahydrofolate reductase polymorphisms. Cancer Epi-
demiol Biomarkers Prev. 2005;14:1477-84.
13. Santos K, Lemos-Marini SHV, Baptista MTM, Bonadia LC, Pin-
to Jr W, Bertuzzo CS. Frequency of 677(CÆT) and 1298(AÆC) 
polymorphisms in the 5,10-methylenetetrahydrofolate re-
ductase (MTHFR) gene in Turner syndrome individuals. Genet 
Mol Biol. 2006;29:41-4.
14. Hook EB. Exclusion of chromosomal mosaicism: tables of 
90%, 95% and 99% confi dence limits and comments on use. 
Am J Hum Genet. 1977;29:94-7.
15. Lahiri DK, Nurnberger JI Jr. A rapid non-enzymatic method for 
the preparation of HMW DNA from blood for RFLP studies. 
Nucleic Acids Res. 1991;19:5444.
16. Frosst P, Blom HJ, Milos R, Goyette P, Sheppard CA, Matthews 
RG, et al. A candidate genetic risk factor for vascular disease: 
a common mutation in methylenetetrahydrofolate reductase. 
Nat Genet. 1995;10:111-3.
17. Yi P, Pogribny I, Jill James S. Multiplex PCR for simultaneous 
detection of 677 CÆT and 1298 AÆC polymorphisms in me-
thylenetetrahydrofolate reductase gene for population studies 
of cancer risk. Cancer Lett. 2002;181:209.
18. Hunt PA, LeMaire-Adkins R. Genetic control of mammalian fe-
male meiosis. Curr Top Dev Biol. 1998;37:359-81.
19. Hassold T, Jacobs P, Kline J, Stein Z, Warburton D. Effect of 
maternal age on autosomal trisomies. Ann Hum Genet. 
1980;44:29-36.
20. McKim KS; Hawley RS. Chromosomal control of meiotic cell 
division. Science. 1995;270:1595-601.
21. Lamb NE, Feingold E, Savage A, Avramopoulos D, Freeman S, 
Gu Y, et al. Characterization of susceptible chiasma confi gura-
tions that increase the risk for maternal nondisjunction of 
chromosome 21. Hum Mol Genet. 1997;6:1391-9.
22. Cobb J, Miyaike M, Kikuchi A, Handel MA. Meiotic events at 
the centromeric heterochromatin: histone H3 phosphoryla-
tion, topoisomerase II alpha localization and chromosome 
condensation. Chromosoma. 1999;108:412-25.
23. Migliore L, Boni G, Bernardini R, Trippi F, Colognato R, Fonta-
na I, et al. Susceptibility to chromosome malsegregation in 
lymphocytes of women who had a Down syndrome child in 
young age. Neurobiol Aging. 2006;27:710-6.
24. James SJ, Pogribna M, Pogriby IG, Melnyk S, Hine RJ, Gibson 
JB, et al. Abnormal folate metabolism and mutation in the me-
thylenetetrahydrofolate reductase gene may be maternal risk 
factors for Down syndrome. Am J Clin Nutr. 1999;70:495-501.
25. Chango A, Fillon-Emery N, Mircher C, Bléhaut H, Lambert D, 
Herbeth B, et al. No association between common polymor-
phisms in genes of folate and homocysteine metabolism and 
the risk of Down’s syndrome among French mothers. Br J 
Nutr. 2005;94:166-9.
26. Bosco P, Guéant-Rodriguez RM, Anello G, Barone C, Namour 
F, Caraci F, et al. Methionine synthase (MTR) 2756 (AÆG) poly-
morphism, double heterozygosity methionine synthase 2756 
AG/methionine synthase reductase (MTRR) 66 AG, and eleva-
ted homocysteinemia are three risk factors for having a child 
with Down syndrome. Am J Med Genet A. 2003;121A:219-24.
27. James SJ. Maternal metabolic phenotype and risk of Down syn-
drome: beyond genetics. Am J Med Genet A. 2004;127A:1-4.
28. Jacob RA, Gretz DM, Taylor PC, James SJ, Pogribny IP, Miller 
BJ, et al. Moderate folate depletion increases plasma ho-
mocysteine and decreases lymphocyte DNA methylation in 
postmenopausal women. J Nutr. 1998;128:1204-12.
29. Stern LL, Mason JB, Selhub J, Choi SW. Genomic DNA hypo-
methylation, a characteristic in most cancers, is present in pe-
ripheral leukocytes of individuals who are homozygous for the 
C677T polymorphism in the methylenetetrahydrofolate reduc-
tase gene. Cancer Epidemiol Biomarkers Prev. 2000;9:849-53.
30. Martínez ME, Thompson P, Jacobs ET, Giovannucci E, Jiang R, 
Klimecki W, et al. Dietary factors and biomarkers involved in 
the methylenetetrahydrofolate reductase genotype-colorectal 
adenoma pathway. Gastroenterology. 2006;131:1706-16.
Correspondence to:
Monica Vannucci Nunes Lipay
Disciplina de Endocrinologia
Rua Pedro de Toledo, 781, 13º. Andar
04039-032  São Paulo, SP
E-mail: malipay@uol.com.br
This article has received corrections in agreement with the ERRATUM published in Volume 53 Number 1.
CASE REPORT
Clinical implications of the detection of
Y-chromosome mosaicism in Turner’s syndrome:
report of 3 cases
Bianca Bianco, M.Sc.,a Mo^nica Vannucci Nunes Lipay, Ph.D.,b Alexis Dourado Guedes, M.D., M.Sc.,a
and Ieda T. N. Verreschi, M.D., Ph.D.a
a Division of Endocrinology, Department of Medicine and b Division of Genetics, Department of Morphology and Genetics,
Universidade Federal de S~ao Paulo, S~ao Paulo, Brazil
Objective: To determine the clinical implications of the presence of a Y chromosome in Turner’s syndrome
patients with karyotype abnormalities.
Design: To investigate the presence of Y-chromosome sequences in different tissue samples.
Setting: Endocrinology outpatient clinic of a federal university in Brazil.
Patient(s): Five Turner’s syndrome patients with karyotype abnormalities such as marker chromosomes, addi-
tional material, or ring chromosomes.
Intervention(s): Peripheral blood, oral epithelial cells, and hair root samples were collected.
Main Outcome Measure(s): The SRY gene and the DYZ3 repeat region were amplified by polymerase chain
reaction followed by gel electrophoresis mobility of amplified genomic DNA, and ultraviolet visualization. Pro-
phylactic gonadectomy was offered to the Y-positive patients.
Result(s): The analysis of the different tissues revealed that three of the five patients studied presented Y-chromo-
some mosaicism. These three patients underwent prophylactic gonadectomy, and in one of them, the histopatho-
logic study of the gonads disclosed hilus cell hyperplasia and stromal luteoma with contralateral nodular
hyperthecosis.
Conclusion(s): A systematic search for Y-chromosome mosaicism in Turner’s syndrome patients is justified by the
risk of developing gonadal tumors or androgen-producing lesions. (Fertil Steril 2008;90:1197.e17–e20. 2008
by American Society for Reproductive Medicine.)
Key Words: Turner’s syndrome, Y mosaicism, nontumoral lesions, luteoma, androgen-producing lesions
Turner’s syndrome (TS) is one of the most common cytoge-
netic abnormalities (1:2,500 among newborn females); it is
compatible with life, even though the great majority of the con-
ceptuses with the syndrome are spontaneously aborted. The
syndrome is characterized by gonadal dysgenesis with pri-
mary amenorrhea, sexual infantilism, webbing of the neck,
cubitus valgus, and short stature in phenotypic women (1).
The etiology of this syndrome has been associated with
total or partial monosomy of the X chromosome. Typically,
besides the 45,X cell line, another cell line with a complete
chromosome number, yet with one structurally abnormal X
or Y chromosome, is observed (2, 3).
The percentage of mosaicism with a cell line containing
a normal or abnormal Y chromosome in TS has been esti-
mated by cytogenetic analysis as being 5.5% (2, 4–7). Con-
ventional cytogenetic analysis may not detect structurally
abnormal chromosomes if they are small or rare (8). In addi-
tion, approximately half of the unidentifiable marker chro-
mosomes that occur with an estimated frequency of 3% in
TS (2, 5, 8–13) are Y-chromosome derived (14–16). More-
over, mosaicism may not be detected in peripheral blood
but may be significant in samples from other tissues (17).
Possible reasons for failure to detect Y-chromosome mosai-
cism by routine cytogenetic analysis include low-frequency
mosaicism, small nonfluorescent marker chromosomes,
translocation of Y material onto the X chromosome or auto-
somes, instability of chromosomes with structural aberra-
tions, and mosaicism that is restricted to certain tissues (7).
It is well established that the presence of Y-chromosome
material in patients with dysgenetic gonads increases the
risk of gonadal tumors, such as gonadoblastoma and dys-
germinoma, or of nontumoral androgen-producing lesions
(17–21). This makes the detection of Y-chromosome mosa-
icism in TS of crucial clinical importance.
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Traditionally, it has been recommended that patients with
TS should be evaluated for the presence of Y-chromosome
sequences only in two specific situations: when signs of viri-
lization are present and/or when chromosome fragments that
cannot be characterized by conventional cytogenetics are
found. Extending this recommendation to all patients who
have a 45,X karyotype in peripheral blood and also in sam-
ples from other tissues should increase the sensitivity of
gonadal tumor detection (17).
Even though gonadoblastoma is the most feared in situ
malignancy of the dysgenetic gonads (22), other nontumoral
androgen-producing lesions may be related to the presence of
hidden or overt Y-chromosome sequences.
We report here on five TS patients whose karyotypes
suggesting the presence of Y-chromosome material were
investigated by polymerase chain reaction (PCR) for Y-
chromosome–specific sequences (SRY gene and DYZ3
repeat region) in samples of different tissues (peripheral
blood, oral mucosa cells, and hair roots).
MATERIALS AND METHODS
Patients
The TS patients came from the endocrinology outpatient
clinic of Universidade Federal de S~ao Paulo, in Brazil. Five
of them (18–51 y of age) were selected on the basis of the
presence of karyotype abnormalities such as marker chromo-
somes, additional material, or ring chromosomes (Table 1).
The study protocol was approved by the local ethics commit-
tee. All TS patients and/or their parents gave informed con-
sent for the study.
The TS patients selected for the present study had come to
the endocrinology outpatient clinic with complaints about
short stature, amenorrhea, or infertility. A hormone profile
consistent with hypergonadotropic hypogonadism or an un-
explained short stature in females led to the cytogenetic eval-
uation. None of them presented any overt Y-chromosome
sequences. One of the patients (case A) presented a clinical
picture of virilization and high levels of testosterone (T).
Congenital adrenal hyperplasia previously had been investi-
gated and ruled out.
Methods
The patients were cytogenetically analyzed by using G-band-
ing, andR40 cells were analyzed for each case (23). Periph-
eral blood, oral epithelial cells, and hair root samples were
collected for genomic DNA extraction. For peripheral lym-
phocytes, a protocol developed by Lahiri and Numberger in
1991 (24) was used, with modifications. For oral epithelial
cells and hair roots, DNA extraction was performed by using
a modified phenol-chloroform method (25, 26).
The studied genes (SRY, located on the short arm of the Y-
chromosome at Yp11.3, and DYZ3, in the pericentromeric
region at Yp12) were chosen because SRY is active in testis
differentiation and because the presence of the centromeric
region of the Y-chromosome, where DYZ3 is located, is
related to chromosomal stability.
Polymerase chain reaction was performed in a final reac-
tion volume of 25 mL, containing 1–5 mg of genomic DNA;
1.5 mM of MgCl2; 0.02 mM of each deoxyribonucleotide tri-
phosphate; 0.05 mM of each primer, and 2.5 U of Taq DNA
polymerase (Invitrogen) for each of the three different sets
of primers. Amplification was performed in a thermal cycler
(Perkin Elmer) and consisted of a 5-minute denaturing step at
95C, followed by 35 cycles of 1 minute at 94C (denatur-
ing), 1 minute of annealing (56C for b-globin, 55C for
SRY, and 57C for DYZ3), and 2 minutes at 72C (extension).
After a final extension cycle of 7 minutes at 72C, the whole
TABLE 1
Findings in five TS patients.
SRY DYZ3
Patient Age (y) Karyotype PL OEC HR PL OEC HR Histopathologic findings
A 51 45,X/46,X,þmar þ þ þ    Stromal luteoma, nodular
hyperthecosis
B 18 45,X/45,X,add(15)(p11) þ      Ovarian stroma without atypical
aspects and presence of
ovarian follicles
C 24 45,X/46,X,þmar þ þ þ þ þ þ Ovarian stroma without atypical
aspects and presence of
ovarian follicles
D 37 45,X/46,XXpþ       NE
E 24 45,X/46,Xr(X)       NE
Note: PL ¼ peripheral lymphocytes; OEC ¼ oral epithelial cells; HR ¼ hair roots; NE ¼ not evaluated.
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reaction product was electrophoresed on 1% agarose gel,
stained with ethidium bromide, and photographed.
Several precautions were taken to avoid false-positive
results, including the processing of all samples by a sole
operator and the use of internal controls for the reaction
(b-globin gene) as a positive control. Pre- and post-PCR
workspaces were strictly separated, so that carryover of am-
plified DNA sequences to new PCR reactions was pre-
vented.
RESULTS
The investigation, by using PCR, of the presence of Y-chro-
mosome–specific sequences in five TS patients with karyo-
type abnormalities such as marker chromosomes, additional
material, and ring chromosomes disclosed Y-chromosome
mosaicism in three of them (Table 1). The SRY sequence
was detected in 60% of the peripheral blood samples and in
40% of the hair roots and oral mucosa cells; only in 20% of
the tissues studied was the DYZ3 region conserved. Amplifi-
cation of DYZ3 was observed only in association with SRY.
The virilized patient (patient A; Table 1) underwent bilat-
eral gonadal resection, although SRY, DYZ3, and ZFY had
been found to be negative in a previous PCR study (27),
both in blood and in gonadal tissue. The patient presented
high levels of total T (5.2 nmol/L; normal range for a woman,
using RIA, 1.0–3.2 nmol/L), and T also was detected by im-
munohistochemistry with monoclonal antibody staining. The
histopathologic study of the gonads disclosed hilus cell
hyperplasia, consisting of proliferation of round cells with
uniform nuclei and eosinophilic cytoplasm grouping around
blood vessels and gonadal hilus nerves. A stromal luteoma
of 0.4 cm in diameter, with contralateral nodular hypertheco-
sis, also was found.
In addition to patient A, another two also were positive for
Y-chromosome–specific sequences (patients B and C). Both
underwent laparoscopic prophylactic gonadectomy, the path-
ologic examination for which did not reveal any neoplastic
process (Table 1). Patients D and E did not present any
Y-chromosome material and are currently under clinical
follow-up.
DISCUSSION
X-chromosome monosomy is the main chromosome disorder
that characterizes TS. A wide variation in clinical features is
seen in females with TS, ranging from a severe phenotype
with short stature, gonadal dysgenesis, lymphedema, and
characteristic dysmorphic features to women with a slight re-
duction in final height or with premature ovarian failure (28).
In 1998, Lopez et al. (29) studied 50 patients with TS by
using PCR and observed that 12% of the 45,X patients pre-
sented Y-chromosome–specific sequences and that this value
was higher (24%) in the cases with mosaicism, whether
including the normal X chromosome or not. In 2006, Bianco
et al. (17) studied 20 patients with TS by using PCR in
samples from different tissues and found that 35% of the
45,X patients presented Y-chromosome–specific sequences
in at least one tissue. In 1995, Coto et al. (30) analyzed 18
TS patients by PCR and found 20% of SRY in the TS patients
to have a 45,X karyotype and even, in one patient with 45,X/
46,XX mosaicism, a typical karyotype constitution, not con-
sidered as a risk of gonadal malignant transformation.
Identification of Y-chromosome mosaicism is of clinical
relevance because of the elevated risk of tumor formation, es-
pecially gonadoblastoma, in patients with normal or structur-
ally abnormal Y chromosomes.
The SRY gene, located on the short arm of the Y chromo-
some (Yp11.3), and the DYZ3 repeat, located in the pericen-
tromeric region of the Y (Yp12), have been chosen for such
studies, respectively, because of their role in testicular differ-
entiation and in chromosome stability, related to the centro-
meric region of the Y chromosome (31).
In the present study, the SRY sequence was detected in
60% of the peripheral blood samples and in 40% of the hair
roots and oral mucosa cells. Only in 20% of the tissues stud-
ied was the DYZ3 region conserved. This higher frequency of
Y-chromosome sequences is clearly related to the presence of
cytogenetic abnormalities that are found in the classical kar-
yotype analysis, emphasizing the clinical importance of per-
forming a molecular investigation in such cases, because
marker chromosomes are found in 3% of the TS karyotypes,
and about 1%–2% of them are Y derived (32).
The methodological improvement of DNA extraction and
analysis allowed a better characterization of case A, in which
the previous approach had not revealed any Y-chromosome
sequences. Because the patient was submitted to gonadec-
tomy and presented more than one histopathologic hyperan-
drogenic abnormality, we believe that SRY expression could
be related to this finding (hilus cell hyperplasia, stromal lu-
teoma, and nodular hyperthecosis with immunopositivity
for T). These lesions are associated with excessive androgen
production (33), which explains the clinical manifestations of
this patient. Patient C, who presented the same karyotype
constitution as patient A and was only 22 years old at surgery,
showed ovarian stroma, although ovarian follicles were
absent.
Stromal hyperthecosis refers to focal luteinization of ovar-
ian stromal cells. This condition occurs most commonly in
postmenopausal women and was found in one third of post-
menopausal ovaries that were carefully examined. There
are several case reports about virilization after menopause,
as a result of hyperthecosis (34). Ovarian hyperthecosis is
a rarely described cause of hyperandrogenism in postmeno-
pausal women. Typically, affected women present with
symptoms of virilization of recent onset. Compelling evi-
dence indicates that the healthy postmenopausal ovary
remains an active endocrine gland (35).
The presence of ovarian stroma, opposing the expected
result in a streak gonad, makes us suppose that androgen
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production is stimulated by high levels of circulating hypo-
physary gonadotropin in a gonad in the absence of follicles,
which, in the long run, may predispose to hyperandrogenism.
This observation suggests that temporal exposure to this dys-
genetic gonad presenting Y-chromosome–specific sequences
could lead to a clinical picture of hyperandrogenism, because
of accumulated modifications in the gonadal microenviron-
ment. However, excluding one virilized patient (patient A),
no correlation was found concerning hyperandrogenism
and the presence of Y-chromosome sequences.
In conclusion, the investigation of Y-chromosome–specific
sequences in TS patients, regardless of their karyotype, is
necessary to prevent the development of androgen-producing
lesions.
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Original Article
SRY Gene Increases the Risk of Developing Gonadoblastoma
and/or Nontumoral Gonadal Lesions in Turner Syndrome
Bianca Bianco, M.Sc., Moˆnica Lipay, Ph.D., Alexis Guedes, M.D., M.Sc., Kelly Oliveira, B.Sc.,
and Ieda T. N. Verreschi, M.D., Ph.D.
Summary: The presence of Y-chromosome material in patients with dysgenetic gonads
increases the risk of gonadal tumors and/or nontumoral androgen-producing lesions.
The patients’ prognosis can vary, depending on their karyotype. The objective of this
study was to investigate the presence of Y-chromosome mosaicism in Turner syndrome
patients and its association with the development of gonadal tumors and/or nontumoral
androgen-producing lesions. Eighty-seven Turner syndrome patients were studied.
Genomic DNA was extracted from peripheral blood and genes SRY and TSPY and
DYZ3 repeat of the Y chromosome were amplified by polymerase chain reaction. To the
Y-positive patients, prophylactic gonadectomy was offered. The data disclosed hidden
Y-chromosome mosaicism in 16 (18.5%) of the patients. SRY sequence was detected in
all of the 16 patients, and 4 (4.6%) of them presented DYZ3 repeat region and TSPY
gene. Eleven of the patients with Y-positive sequences agreed to undergo the
prophylactic surgery. In 2 cases, bilateral gonadoblastoma was found and, in another
case, the histopathologic study of the gonads revealed hilus cell hyperplasia. In a further
case, there were hilus cell hyperplasia and a stromal luteoma. In conclusion, a systematic
search for hidden Y-chromosome mosaicism, especially SRY, in Turner syndrome
patients is justified by the possibility of preventing gonadal lesions. Key Words: Turner
syndrome—Y-chromosome mosaicism—Gonadoblastoma—Nontumoral gonadal
lesions—SRY gene.
The presence of Y-chromosome material in pa-
tients with dysgenetic gonads increases the risk of
gonadal tumors, especially gonadoblastoma (1). The
patients’ prognosis can vary, depending on their
karyotype. A major concern regards the high risk of
these patients of developing gonadoblastoma or other
tumors and virilization in puberty, if Y-specific
chromosome sequences are present (2).
Previous studies have found frequencies of hidden
Y-chromosome material ranging between 0% and
60%. Several factors may have contributed to this
difference, such as patient selection criteria, number
of metaphases analyzed in the cytogenetic study,
sample size, methodology, and the Y-chromosome
sequence markers used (2–10). The most frequently
used Y sequences are SRY (sex-determining region
on the Y chromosome) (3–10) and DYZ3 (3,4,7,9,10).
Which Y-chromosome markers are relevant in this
kind of study is still a controversial issue.
In general, the SRY gene sequences are used as
reference, in view of their localization and their
important role in the signaling cascade of sex-
determining events (11). This gene is the most
investigated one, and its detection is almost unani-
mously considered of major importance in studies on
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mosaicism in Turner syndrome (TS) patients
(2,4,5,7,12). However, with the identification of new
Y-chromosome genes and the so far not confirmed
suspicion that there may be a specific gene associated
with the development of gonadoblastoma [Gonado-
blastoma Y gene (GBY)], other markers have been
included. Although other regions of the Y chromo-
some have been suggested to be related to the develop-
ment of this tumor (13), the SRY gene regulation
process cannot be ruled out in this context (14).
One of the candidate loci for gonadoblastoma is
TSPY (testis-specific protein, Y-encoded), a multi-
copy gene that is located primarily in the GBY critical
region. TSPY expression has been detected in
gonadoblastoma tissues (13). Significantly, many
studies provide circumstantial evidence supporting a
role for TSPY as an oncogene (15).
We report here 87 TS patients who were submitted
to screening by polymerase chain reaction (PCR) for
Y-chromosome–specific sequences (SRY, DYZ3, and
TSPY).
MATERIALS AND METHODS
Patients
Eighty-seven TS patients (age ranging from 8mo to
55 y) (Table 1) from the Endocrinology outpatient
clinic of Universidade Federal de Sa˜o Paulo, Brazil,
were studied in a prospective and unbiased approach
based on diagnostic criteria that included clinical,
hormonal, and cytogenetic analysis. The patients
with overt Y-chromosome material were excluded for
the sake of sample homogeneity. The study protocol
was approved by the local research ethics committee.
All TS patients and/or their parents gave informed
consent for the study.
Evidencing the current trend toward an earlier
diagnosis of TS, the reasons for seeking medical
attention went from prenatal diagnosis, short stature,
and primary amenorrhea to infertility. A hormone
profile consistent with hypergonadotropic hypogo-
nadism or an unexplained short stature in females led
to cytogenetic evaluation.
Methods
Karyotypes were determined by standard analysis
of peripheral blood lymphocytes, and the number of
metaphases analyzed by G banding followed Hook’s
(16) criteria for detecting 8% mosaicism in 40
metaphases, with a confidence interval of 95%.
Peripheral blood was collected for genomic DNA
extraction according to the protocol developed by
Lahiri and Numberger (11), with modifications.
The genes studied (SRY, located on the short arm
of the Y chromosome at Yp11.3; DYZ3, in the
pericentromeric region at Yp12; and TSPY at
Yp11.2) (Fig. 1) were chosen because SRY is active
in testis differentiation, DYZ3 is related to chromo-
somal stability, and TSPY has been implicated in the
development of gonadoblastoma.
Multiplex PCR was performed in a final reaction
volume of 25mL containing 1 to 5mg of genomic
DNA, 1.5mM of MgCl2, 0.02mM of each dNTP,
0.05mM of each primer, and 2.5U of Taq DNA
polymerase (Invitrogen). Amplification was carried
out in a thermal cycler (Perkin Elmer 7500) and
consisted of a 8 minutes denaturing step at 951C,
followed by 35 cycles of 45 seconds at 951C (denatur-
ing), 1 minute of annealing at 561C, and 1 minute
at 721C (extension). After a final extension cycle of
7 minutes at 721C, the whole reaction product was
electrophoresed on 2.5% agarose gel, stained with
ethidium bromide and photographed (Fig. 2).
Several precautions were taken to avoid false-
positive results, including the processing of all
samples only by a female operator, and internal
controls of the reaction (AMELX) as positive control.
Pre-PCR and post-PCR workspaces were strictly
separated, so that carryover of amplified DNA
sequences to new PCR reactions was prevented.
Prophylactic gonadectomy was offered to all patients
who tested positive for Y-chromosome sequences.
RESULTS
The investigation by PCR of the presence of
Y-chromosome–specific sequences in 87 TS patients
disclosed Y-chromosome mosaicism in 16 of them
(18.5%) (Table 2). The SRY sequence was detected in
TABLE 1. Cytogenetic characterization of the TS patients
studied
Karyotype No. patients
45,X 62
45,X/46,X,þmar 6
45,X/46,X,i(X)(q10) 1
45,X/45,X,add(15)(p11) 1
45,X/46,X,r(X) 4
46,X,i(X)(q10) 5
45,X/46,XX 6
45,X/47,XXX 1
46,X,þmar 1
Total 87
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all of these 16 patients, and 4 (4.6%) of them
presented the DYZ3 region and the TSPY gene.
Amplification of DYZ3 and TSPY was observed only
in association with SRY.
Eleven of the patients with Y-positive sequences
agreed to undergo the prophylactic surgery. In Cases
C9 and P5, bilateral gonadoblastoma was found. In
Cases D5,17 and Q5, the histopathologic study of the
gonads disclosed hilus cell hyperplasia, consisting of
proliferation of round cells with uniform nuclei and
eosinophilic cytoplasm grouping around blood ves-
sels and gonadal hilus nerves. In Case D, a stromal
luteoma of 0.4 cm in diameter, with contralateral
nodular hyperthecosis, was also found (5,17) (Fig. 3).
In Cases A, B, E, F, G, I, K, and N, the pathologic
examination did not reveal any neoplastic process.
Patient H did not agree to undergo surgery. In view
of their age (prescholar), Patients L, M, and O were
not yet operated. Patient J was not submitted to
prophylactic gonadectomy because she presented
severe blood dyscrasia resulting from liver failure
and died while waiting for a transplant.
DISCUSSION
The role of the Y chromosome in human oncogen-
esis has been somewhat controversial. Detection of
Y-chromosome mosaicism is clinically important, due
to the elevated risk of tumor formation, especially
gonadoblastoma (1), or other nontumoral androgen-
producing lesions (17) in the dysgenetic gonads of
TS patients with normal, structurally abnormal, or
hidden Y chromosomes. Although gonadoblastoma is
a benign tumor, in 60% of cases it can turn into an
invasive dysgerminoma, and may also progress to
other forms of malignant germ cell tumors (18).
Several authors have emphasized the importance of
prospective studies in patients with gonadal dysgen-
esis for the identification of Y-specific sequences
and, consequently, for the assessment of the risks of
developing androgen-induced lesions and carcinogen-
esis events such as gonadoblastoma (4–10).
TSPY genes are frequently expressed in tumors of
germ cell origin and have been related by many
authors to the development of gonadoblastoma
(13,15,19–21).
According to Lau et al. (15), TSPY displays several
interesting features, which fit the profile of a
FIG. 1. The primer sets used in the study.
FIG. 2. Agarose gel showing 50 bp molecular size and positive
control.
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FIG. 3. Morphology and light micrographs (400 ) of histologic and immunohistochemistry findings in gonads of a Turner syndrome patient
(Case D). A, Macroscopy: (A) stromal luteoma, (B) hyperthecosis. Microscopy (B) nodular hyperthecosis formed by round cells with uniform
nuclei and immunoexpression of testosterone in the cytoplasm grouped around blood vessels and gonadal hilus nerves. Light micrographs (C)
100 and (D) 200 histologic findings in gonadal morphology of Case C. C and D, Gonadoblastoma characterized by an aggregate
composed of a mixture of germinal cells and smaller epithelial cells of sexual streak type surrounding circular spaces.
TABLE 2. Karyotype, age at diagnosis, DNA analysis for SRY, DYZ3, and TSPY genes and histopathologic findings of TS
patients who tested positive for Y-chromosome sequences
Y-sequences
Patient
Age at the
Diagnosis Karyotype SRY DYZ3 TSPY Histopathologic findings
A 23 45,X þ   Ovary-type connective and stromal tissue
fragments
B 24 45,X þ   Ovary-type connective and stromal tissue
fragments
C9 16 45,X þ   Bilateral gonadoblastoma
D5,17 34 45,X/46,X,þmar þ   Stromal luteoma and hilus cell hyperplasia
E 17 45,X/
45,X,add(15)(p11)
þ  þ Ovary-type connective and stromal tissue
fragments
F 22 45,X/46,X,þmar þ  þ Ovary-type connective and stromal tissue
fragments with no oocytes
G 12 45,X þ   Fibrous connective tissue with areas of ovarian
stroma
H 20 45,X þ   Not operated
I 10 45,X þ þ  Fibrous connective tissue with areas of ovarian
stroma and permeating Mu¨llerian epithelium
J 18 45,X þ þ  Not operated
K 13 45,X þ   Ovary-type connective and stromal tissue
fragments
L 3 45,X þ  þ Not operated
M 2 45,X þ   Not operated
O 8mo 45,X þ  þ Not operated
P5 19 45,X/46,X,r þ þ NT Bilateral gonadoblastoma
Q5 19 45,X þ þ NT Hilus cell hyperplasia
NT indicates not tested.
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gonadoblastoma gene. First, most of its repeat units
have been mapped to the GBY critical region
(13,22,23) (GBY is a gene assumed to be related to
the presence of tumors originated from dysgenetic
gonads). Second, its expression in spermatogonial
cells of normal testes (24) suggests a function early
in spermatogenesis, as predicted by Page (22) in his
original hypothesis. Third, TSPY seems to be
upregulated in gonadoblastoma tissues (13), as well
as in certain testicular and prostate cancers (24).
Finally, TSPY expression is drastically reduced in the
dysgenetic gonads of 46,XY patients with testicular
feminization syndrome, who rarely develop gonado-
blastomas (15).
Gene SRY, whose important role in sex determina-
tion and differentiation is well known since the early
studies of Page group (22,25) represents an inter-
mediary link in the signaling chain that occurs during
embryonic development, functioning as an activator
and also being regulated by several genes (SOX-9;
WT-1; SF-1, etc.); moreover, it is of fundamental
importance in cell differentiation and, consequently,
in the determination of the gonadal microenviron-
ment, which starts interacting in the presence of
androgens.
Bianco et al. (9) studied 20 TS patients by PCR in
samples from different tissues and found that 7 (35%)
of the 45,X patients presented Y-chromosome–
specific sequences in at least 1 analyzed tissue. Of
the 7 patients who presented Y-positive sequences, 4
(14%) were submitted to prophylactic gonadectomy.
The presence of a Y-chromosome sequence asso-
ciated with the development of gonadoblastoma in a
16-year-old patient supports the recommendation
for this surgery in such cases. The presence of
Y-chromosome sequences in this patient was not
associated with virilization, highlighting the fact that
absence of this clinical feature does not exclude the
possibility of Y-chromosome detection.
Canto et al. (8) investigated the presence of
Y-chromosome sequences by PCR in 107 TS patients
with a 45,X karyotype, and found them in 10 of these
patients (9.3%). Six of these patients (60%) were
submitted to gonadectomy, and a gonadoblastoma
was found in 2 (20%) of them. Considering the
Y-positive samples of these studies, there was a risk
of developing gonadoblastoma at least 20% (8) and
14% (9), respectively. These findings support a
systematic search for Y-chromosome sequences in
45,X patients, with indication for early prophylactic
gonadectomy in the positive cases, considering the
risk of developing gonadoblastoma.
Gravholt et al. (6) conducted a study aimed at
determining the association between the presence
of Y-chromosome material and the development of
gonadoblastoma in patients with TS. They analyzed
114 women using PCR for Y-chromosome sequences
and found them to be present in 14 (12.2%) of the
patients studied. Ten of these patients were submitted
to gonadectomy, and a gonadoblastoma was found in
1 of them. In view of the low incidence of
gonadoblastoma in this study, the authors questioned
the consensus on prophylactic gonadectomy
in patients with TS who present Y-chromosome
material, arguing that none of the patients who had
Y-chromosome sequences detected by PCR devel-
oped the tumor. This fact may, however, be related to
the early detection of the Y-specific sequences,
preventing modifications in the gonadal microenvir-
onment caused by the presence of androgen-secreting
cells associated to the expression of Y-chromosome
genes (17).
So, the presence of ovarian stroma, opposite to the
expected result in a streak gonad, makes us suppose
that androgen production is stimulated by high levels
of circulating pituitary gonadotrophin in a gonad in
the absence of follicles, which, in the long run, may
predispose to hyperandrogenism. This observation
suggests that temporal exposure of dysgenetic gonad
to Y-chromosome sequences, especially SRY, could
lead to a clinical picture of hyperandrogenism, as a
result of accumulated modifications in the gonadal
microenvironment (17).
Even though the incidence (B30%) of gonado-
blastoma in TS is still questioned, the development of
any kind of gonadal lesion, neoplastic or not, justifies
a search for Y-chromosome sequences by PCR, a
technique that is highly sensitive, low-cost, and easy
to perform.
In the present study, the SRY sequence was
detected in 18.5% of the TS patients. Only in 4.6%
of them the DYZ3 region and the TSPY gene were
present. In all the cases submitted to prophylactic
gonadectomy, which presented histomorphologic
anomalies the SRY gene was detected in peripheral
lymphocytes.
Our findings do not support the suggestion that the
presence of TSPY gene is a triggering factor causing
the neoplastic process in dysgenetic gonads as has
been suggested in a number of previous studies
(15,20,21,24). SRY is expressed before TSPY in the
sex differentiation cascade, reinforcing the role of this
gene in the abnormal microenvironment of dysge-
netic gonads, as the main determinant of neoplastic
201SRY GENE INCREASES THE RISK OF DEVELOPING GONADOBLASTOMA
Int J Gynecol Pathol, Vol. 28, No. 2, March 2009
progression, providing the cell with equipment to
survive and proliferate (25).
In conclusion, the detection of Y-chromosome
sequences, especially SRY, in TS patients is necessary
to prevent the development of tumoral or nontumoral
gonadal lesions, regardless of whether the chromosome
constitution shows the presence of Y-chromosome
material or not.
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O Hormônio de Crescimento na Síndrome de Turner:  
Dados e Reflexões
RESUMO
A baixa estatura é a principal característica na síndrome de turner (st). o 
agravo estatural na st é precoce e torna-se mais evidente na puberdade. A 
haploinsuficiência do gene shoX tem sido implicada como principal fator na 
definição da estatura de mulheres, no entanto, ainda que a maioria das pa-
cientes não tenha deficiência do hormônio de crescimento, a terapia com gHr 
melhora a altura final. recentemente, tem-se chamado a atenção para a as-
sociação entre gH e câncer. o risco de câncer nessas pacientes está associado 
à presença de fragmentos do cromossomo Y que pode levar ao desenvolvi-
mento de gonadoblastoma. dessa forma, a administração de gHr na st deve 
ser feita com cautela. A investigação de seqüências do cromossomo Y deve ser 
realizada, bem como a gonadectomia profilática nos casos positivos, confe- 
rindo maior segurança ao tratamento. (Arq Bras Endocrinol Metab 2008; 
52/5:757-764)
Descritores: síndrome de turner; Hormônio do crescimento; câncer; Poli-
morfismo; imprinting genômico
ABSTRAcT
Growth Hormone Treatment inTurner Syndrome: Data and Reflections.
short stature is the major characteristic of turner syndrome. the statural ap-
peal is premature and become evident in the puberty. Haploinsuficiency of 
shoX gene has been related as main factor on final height of these patients. 
despite the majority of the patients are not growth hormone deficient, the 
gHr therapy improves the final height. recently, a great number of publica-
tions have described the association between gH and cancer. the cancer risk, 
in these patients, is mainly associated with the presence of Y chromosome 
sequences that can lead to the gonadoblastoma development. in conclusion, 
the gHr therapy in st patients deserves caution. the investigation of Y chro-
mosome sequences should be performed as well as the prophylactic gonad-
ectomy in the positive cases conferring confidence to the treatment. (Arq Bras 
Endocrinol Metab 2008; 52/5:757-764)
Keywords: turner syndrome; growth hormone; cancer; Polymorphism; ge-
nomic imprinting
A BAixA ESTATURA NA SíNDROME DE TURNER
Desde a descrição clássica de Henry Turner, em 1938 (1), que dizia respeito a sete mulheres com sinais físicos peculiares, já se identificava a 
baixa estatura como um dos principais achados que caracterizavam a síndrome 
que herdou seu nome. Atualmente, a despeito da identificação crescente de 
outras múltiplas alterações clínicas na síndrome, apenas a deficiência estrogê-
nica alcança prevalência semelhante à da perda estatural. Esta última chega a 
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ser encontrada em 95% a 99% das mulheres acometidas 
(2).
Acompanhando curvas que ilustrem a evolução do 
crescimento natural das mulheres com síndrome de 
Turner (ST) do nascimento até a idade escolar detecta-
se agravo estatural precoce, porém discreto, que pro-
gressivamente acompanha o acréscimo na idade 
cronológica (3). Tal achado torna-se cada vez mais 
evidente e tem seu ápice no período da puberdade (Fi-
gura 1). Neste período, a influência hormonal do es-
trógeno produzido pelos ovários das mulheres normais 
e a carência deste nas mulheres com ST determinam a 
diferença de maturação óssea e a aceleração do cres-
cimento do estirão puberal. Como a deficiência es- 
trogênica retarda também o fechamento epifisário, 
permitindo uma fase de crescimento prolongada, há 
discreta diluição da perda estatural das mulheres com 
ST, que, no final do processo, não é suficientemente 
compensadora, o que fica demonstrado com a diferen-
ça estatural final média de 20 cm entre portadoras da 
síndrome e mulheres normais (4).
Figura 1. Referência histórica do nascimento a idade pu-
bertária de par de gêmeas discordantes para a ST (com a 
respectiva autorização materna para uso da imagem).
cAUSA gENéTicA
A descoberta do gene SHOX na região pseudoautossô-
mica 1 (PAR1) dos cromossomos sexuais, juntamente 
com a definição de sua participação no processo de cres-
cimento ósseo, acrescentou muito para a compreensão 
da baixa estatura na ST (5-7). A região PAR1 situa-se na 
porção distal do braço curto de ambos os cromossomos 
sexuais, X e Y, e, aparentemente, os 24 genes descritos 
nesta região não são inativados no X, definindo duas có-
pias funcionais nos cromossomos sexuais. O gene SHOX 
exibe função dosagem-sensível com atuação na matura-
ção e na diferenciação de condrócitos, particularmente 
em placas de crescimento, e a sua haploinsuficiência, seja 
por deleção no braço curto de X ou Y ou pela perda 
completa de um destes cromossomos, determina sua ex-
pressão inadequada com perdas estaturais e outras altera-
ções ósseas estruturais (8,9). 
Desde as primeiras publicações sobre o tema, houve 
consenso entre especialistas a respeito do papel da ha-
ploinsuficiência do gene SHOX como principal fator na 
definição da estatura das mulheres com ST (10,11), po-
rém, a questão da existência de fatores adicionais contri-
buintes para este processo gerou algum debate e ainda 
encontra-se aberta a novas fundamentações (12). 
TRATAMENTO cOM hORMôNiO  
DE cRESciMENTO REcOMBiNANTE (ghr) 
A experiência clínica com hormônio de crescimento 
recombinante (GHr) é relativamente recente. A Food 
and Drug Administration (FDA), agência americana 
de controle de medicações, autorizou o uso do GHr 
apenas em 1996. Nessa época, iniciou-se tal terapêuti-
ca no Brasil, em virtude da distribuição do medica-
mento pela Secretaria de Saúde do Estado de São 
Paulo. Existem múltiplos aspectos ainda a serem ana-
lisados sobre esta forma de tratamento e suas conse-
qüências. No início da utilização, com base em 
levantamento de casos atendidos no Ambulatório de 
Gônadas e Desenvolvimento da Universidade Federal 
de São Paulo (Unifesp) (Figura 2), havia indicações 
indiretas de aquisição de considerável estatura final, 
entre 79% e 94% do alvo, estatura esta alcançada entre 
cinco meses até três anos de terapêutica.
Ainda que a maioria das pacientes com ST não te-
nha deficiência de hormônio de crescimento, a terapia 
com GHr, quando utilizada de maneira adequada, me-
lhora a altura final destas pacientes. Esta afirmação, an-
teriormente fundamentada em comparações de séries 
tratadas com séries históricas, foi adequadamente vali-
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dada em publicação randomizada, controlada (13). No 
referido estudo, utilizando-se uma dose de 0,9 UI/kg/
semana, o ganho de estatura com o uso do GH por um 
período médio de 5,7 anos, quando comparado com o 
grupo-controle, foi de 7,2 cm.
Figura 2. Desenvolvimento somático de meninas trata-
das com hormônio de crescimento, acompanhadas em 
curvas próprias para a síndrome de Turner. (13).
O benefício do GHr na estatura final das pacientes 
depende do momento de início da terapêutica, da dose 
implementada e da duração do tratamento (14). Foi 
sugerida, também, como possível fator adicional para a 
potencialização do resultado, a via percutânea de oferta 
do estradiol na indução puberal (15).
Diversas diretrizes de grupos e sociedades nacio-
nais e internacionais vêm sugerindo que o início da 
terapia com GH deve ocorrer quando a paciente com 
ST estiver abaixo do percentil cinco da curva de cres-
cimento para meninas da mesma idade (16-19). Tal 
situação, correspondente ao desvio-padrão de estatu-
ra menor que –1,61 m, pode ser detectada a partir do 
segundo ano de vida, conforme ilustrado por Daven-
port e cols. (3). Seja por diagnóstico tardio, falência 
em fazer pronta indicação ou, se for considerada a 
situação brasileira, dificuldades ou entraves burocráti-
cos para obter oferta imediata da medicação após a 
indicação, a média de idade para início do GH tem 
sido elevada, como exemplificado em séries interna-
cionais (20). Recentemente, foi analisada a proposta 
de antecipação do tratamento com GHr, sendo este 
hormônio utilizado tão precocemente quanto aos 
9 meses de vida (21). Ao avaliar prospectivamente, 
de maneira randomizada e controlada, o tratamento 
precoce determinou recuperação completa da defi-
ciência estatural em 93% das pacientes tratadas. As 
pacientes sem tratamento evoluíram com piora esta-
tural progressiva.
O tratamento com GHr, além do impacto no cres-
cimento somático, influencia de maneira positiva o 
comportamento psicossocial e a qualidade de vida das 
pacientes, sobretudo quando associado, no tempo ade-
quado, à terapia estrogênica (22,23).
Quanto ao momento apropriado para início da te-
rapia de substituição hormonal ovariana, ainda que 
existam evidências para postergá-la com ganho adicio-
nal na altura pelo retardo do fechamento epifisário, a 
instituição de GHr por período suficientemente pro-
longado, antecedendo a idade cronológica de 12 anos, 
aparentemente não modifica, de modo significativo, o 
prognóstico estatural (24,25).
SEgURANÇA
Assim como em outras indicações, o tratamento que 
visa o crescimento com GHr não é isento de riscos e 
incertezas. Entre os efeitos colaterais descritos, alguns 
são identificados em outras condições com uso de 
somatotrofina. Outros, porém, são precipitados ou 
agravados pela referida medicação, interagindo com 
condições próprias da ST.
Em um grande estudo recente, os efeitos adversos 
da terapia com GH na ST foram avaliados prospectiva-
mente e comparados com os identificados na deficiên-
cia de GH, insuficiência renal e baixa estatura idiopática. 
A incidência de certos efeitos adversos da terapia com 
GHr, como hipertensão intracraniana, escoliose, deslo-
camento da epífise da cabeça femoral e pancreatite, foi 
maior em pacientes com ST. Novos casos de malignida-
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de em pacientes sem fatores de risco igualmente foram 
superiores nas mulheres com ST (26).
O TRATAMENTO cOM gh NA 
ST ESTá RElAciONADO cOM O 
DESENvOlviMENTO DE câNcER?
O hormônio humano do crescimento (human growth 
hormone – hrGH), fundamental para o crescimento, o 
desenvolvimento e a maturação sexual, tem sido exten-
sivamente estudado desde seu isolamento, em 1944 
(27). O hrGH é secretado pela hipófise e apresenta 
efeito direto na regulação somática do crescimento me-
diado pela interação com o seu receptor (GHR) 
(28,29), agindo por estimulação da secreção hepática de 
IGF-1 (29) com importantes efeitos autócrinos e pará-
crinos. A secreção de hGH pela hipófise é estimulada 
pela liberação de GHRH (growth hormone releasing hor-
mone) e ghrelina. A secreção de hGH foi determinada 
em muitos sítios, incluindo discreta população neural 
do sistema nervoso central (SNC), células endoteliais 
dos vasos sangüíneos, células epiteliais da glândula ma-
mária e do timo e células do sistema imune, incluindo 
macrófagos, células B, células T e células natural killer 
(30,31).
Recentemente, grande número de publicações des-
creve a associação entre o hormônio do crescimento e 
o câncer, tanto em modelos animais quanto em huma-
nos. Tais descrições incluem o aumento da incidência 
de câncer em pacientes com acromegalia (32,33), alte-
ração do risco de câncer associado com polimorfismos 
dos genes hGH/IGF-1 (34-36) e aumento da expressão 
de hGH em anormalidades proliferativas humanas 
(37,38). Além disso, sua influência sobre as atividades 
de oncogenes extensivamente relatadas em modelos 
animais, com a transformação oncogênica de células 
epiteliais mamárias em formações tumorais em camun-
dongos com imunodeficiência, como resultado da ação 
autócrina da produção de hGH (39-41).
O papel do gene IGF-1 e seu receptor IGF-1R na 
oncogênese é bem documentado. Diversos estudos epi-
demiológicos relataram a elevação dos níveis séricos de 
IGF-1 associada com o aumento do risco de câncer de 
mama e próstata e do câncer colorretal em humanos 
(42-45). Além disso, a prolactina, hormônio hipofisá-
rio relacionado com o GH, tem sido implicada no de-
senvolvimento de glândula mamária e na etiologia, 
tanto do carcinoma mamário quanto do câncer de prós-
tata (46,47).
Os estudos epidemiológicos também demonstra-
ram correlação entre a altura e o aumento do risco de 
câncer, sugerindo que a elevação dos níveis circulantes 
de hrGH esteja associada à oncogênese, além de permi-
tir associações entre o peso ao nascer, a altura e o de-
senvolvimento de cânceres (48,49). A estatura elevada, 
tanto em crianças quanto em adultos, tem sido associa-
da ao risco aumentado de câncer de mama, próstata, 
colorretal, hematopoiético e endometrial (48).
O risco de desenvolvimento de câncer é determina-
do pela combinação de fatores genéticos e efeitos am-
bientais, em particular dieta e estilo de vida. Sabe-se 
que o aumento de hGH circulante aumenta a expressão 
de IGF-1 que, por sua vez, tem sido implicado na gêne-
se de diversos tipos de cânceres (42-45). Existem gran-
des evidências de que o hGH, pelo aumento da expressão 
de IGF-1, provê maior ligação entre esses fatores e o 
desenvolvimento de câncer por meio da sua influência 
na regulação da proliferação, da diferenciação e da 
apoptose celular. Sua expressão inapropriada parece 
contribuir para o crescimento, a manutenção e a pro-
gressão da maioria das neoplasias, incluindo câncer de 
mama, pulmão e cólon (50).
O aumento nos níveis séricos de hrGH pode ser 
conseqüência de produção tumoral ou mesmo exercer 
papel fundamental no desenvolvimento de tumores. 
No entanto, alguns estudos têm demonstrado a asso-
ciação comum de polimorfismos no gene GH1 com 
neoplasias, sugerindo papel causal desses polimorfismos 
na carcinogênese. Além disso, interessantemente, SNPs 
(single nucleotide polymorphism – variação na seqüência 
de DNA em indivíduos da mesma espécie) na região 
promotora (região onde se inicia a transcrição) do gene 
GH1 foi descrita como uma das maiores determinantes 
da expressão de GH1 (51,52).
As portadoras da ST apresentam aumento da morta-
lidade relacionado com a doença cardiovascular e distúr-
bios tireoidianos (53,54). Embora ainda controverso 
(53), nessas pacientes, o risco de câncer está associado, 
principalmente, à presença do cromossomo Y, íntegro ou 
não, que pode levar ao desenvolvimento de gonadoblas-
toma e/ou disgerminoma nas gônadas disgenéticas (55). 
O tratamento com GHr está indicado para as por-
tadoras de ST e os resultados têm sido satisfatórios. No 
entanto, os efeitos em longo prazo, provenientes desse 
tratamento, ainda são objeto de observação (56).
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As portadoras da ST apresentam grande variabilida-
de fenotípica e as razões para essa variabilidade não fo-
ram totalmente esclarecidas, o que leva à especulação 
de que o fenótipo na ST pode ser influenciado pela ori-
gem parental do cromossomo X. As diferenças físicas e 
as comportamentais entre indivíduos 45,X com o cro-
mossomo X paterno ou materno indicam a existência 
de loci imprintados geneticamente (57).
O imprinting genômico é um fenômeno referente 
à expressão diferencial de genes dependendo da origem 
parental. Acredita-se que tenha envolvimento em ma-
míferos na regulação da dosagem de genes relacionados 
com o desenvolvimento (27). Surpreendentemente, a 
maioria dos fetos abortados portadores da ST tem o 
cromossomo X de origem paterna, sugerindo papel im-
portante do imprinting genético nessas perdas (58). 
Em humanos, a perda da regulação dos mecanismos 
de imprinting foi relacionada com as alterações de via-
bilidade de fetos, o crescimento fetal e pós-natal e o 
desenvolvimento neurológico e comportamental (58,59). 
Além disso, as alterações nos mecanismos de imprin-
ting podem ocasionar anormalidades no padrão de me-
tilação do DNA, as quais foram verificadas em diversas 
neoplasias em humanos, principalmente, nos genes su-
pressores de tumor, genes de reparo do DNA e nos 
genes inibidores de metástases (60).
Considerando que a detecção de seqüências cro-
mossomo Y-específicas em pacientes com ST seja um 
fato necessário à prevenção do desenvolvimento de go-
nadoblastoma, a administração de hormônio do cresci-
mento em pacientes portadoras de fragmentos do 
cromossomo Y pode levar ao desenvolvimento de tu-
mores (61). 
As portadoras de ST apresentam mosaicismo cro-
mossômico em cerca de 40% dos casos. Os linfócitos de 
sangue periférico são, geralmente, o material de escolha 
para análise citogenética de pacientes com suspeita des-
sa síndrome, uma vez que esse tecido é facilmente ob-
tido. No diagnóstico laboratorial, a análise citogenética 
clássica é feita, em geral, em 30 metáfases, o que pode 
detectar 10% de mosaicismo. Assim, este pode não ser 
detectado em pacientes que apresentem mosaicismo 
em uma freqüência menor que 10% nas células do san-
gue (62). Um outro problema a ser considerado cons-
titui a análise de diferentes tecidos, uma vez que o 
mosaicismo pode não ser detectado no sangue periféri-
co, mas pode ser significativo em amostras de tecidos 
com outras origens embrionárias (62-64). 
Tradicionalmente, é recomendada que a pesquisa 
de fragmentos do cromossomo Y na ST deva ser reali-
zada em apenas duas situações: quando há sinais de 
virilização e/ou quando há a presença de cromosso-
mo marcador não identificado pela citogenética clássi-
ca (65-67). No entanto, Bianco e cols. (55) estudaram 
20 pacientes com ST e cariótipo 45,X por PCR (rea-
ção em cadeia da polimerase) em amostras de diferen-
tes tecidos e encontraram que sete (35%) das pacientes 
apresentaram mosaicismo oculto do cromossomo Y 
em pelo menos um dos tecidos estudados. Uma dessas 
pacientes desenvolveu gonadoblastoma bilateral, o 
que corrobora a recomendação de gonadectomia pro-
filática quando há seqüências cromossomo Y-específi-
cas. Nessa paciente, a presença de seqüências do 
cromossomo Y não estava associada à virilização, indi-
cando que a ausência dessa característica não exclui a 
possibilidade de mosaicismo oculto envolvendo o cro-
mossomo Y.
Além disso, Guedes e cols. (68) reportaram o caso 
de uma menina com cariótipo 45,X/46,X,der(Y), que 
não apresentava sinais de virilização nem sinais clínicos 
da ST, exceto pela reduzida taxa de crescimento. Após 
gonadectomia profilática, por causa do risco de desen-
volvimento de gonadoblastoma, as gônadas e a amostra 
de sangue periférico foram analisadas por FISH (hibri-
dação in situ por fluorescência) e por PCR no intuito 
de detectar seqüências cromossomo Y-específicas. A 
análise mostrou que o cromossomo derivado era um 
isodicêntrico do braço curto do cromossomo Y – idic 
(Yp) – e que havia diferença significativa de proporções 
de células contendo o cromossomo Y nos dois tecidos 
analisados. No sangue periférico, cerca de 97,5% das 
células apresentavam o cromossomo isodicêntrico de 
Yp com duplicação do gene SRY. No entanto, isso não 
determinou nenhum sinal de desenvolvimento sexual 
masculino na paciente, porque nas gônadas 60% das cé-
lulas eram 45,X, demonstrando a importância do mo-
saicismo tecido-específico.
Um estudo retrospectivo, realizado na Grã-Breta-
nha, acompanhou 3.425 mulheres caracterizadas citoge-
neticamente como portadoras de ST, entre 1959 e 2002, 
com o intuito de comparar o risco de incidência de 
cânceres na síndrome e na população geral. Os autores 
observaram que a incidência de tumores do SNC, espe-
cialmente, meningioma e tumores de cérebro da infância 
foram significantemente aumentados nas portadoras da 
ST, bem como tumores de bexiga, de uretra e de olho. 
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Em contrapartida, a incidência de câncer de mama foi 
diminuída entre as portadoras de ST, comparada com a 
população geral. Todas as mulheres com ST que apre-
sentaram linhagem do cromossomo Y desenvolveram 
gonadoblastoma. Os autores apontam as causas genéti-
cas, os fatores hormonais e os efeitos da terapia com 
hrGH como responsáveis pela incidência aumentada dos 
tumores mencionados anteriormente (69).
cONclUSÃO
O hrGH é secretado pela hipófise e apresenta efeito di-
reto na regulação somática do crescimento mediado 
pela interação com o seu receptor (GHR), agindo por 
estimulação da secreção hepática de IGF-1 com impor-
tantes efeitos autócrinos e parácrinos. Recentemente, 
grande número de publicações descreveu a associação 
entre o hormônio do crescimento e o risco de câncer, 
tanto em modelos animais quanto em humanos. 
As portadoras de síndrome de Turner apresentam 
aumento da mortalidade relacionada com a doença car-
diovascular e os distúrbios tireoidianos. No entanto, 
nessas pacientes, o risco de câncer está associado, prin-
cipalmente, à presença do cromossomo Y, íntegro ou 
não, que pode levar ao desenvolvimento de gonado-
blastoma e/ou disgerminoma nas gônadas disgenéti-
cas. Além disso, as portadoras da ST apresentam grande 
variabilidade fenotípica, o que leva à especulação de 
que o fenótipo na ST pode ser influenciado pela origem 
parental do cromossomo X. As alterações nos mecanis-
mos de imprinting podem ocasionar anormalidades no 
padrão de metilação do DNA, a qual foi verificada em 
diversas neoplasias em humanos, principalmente, nos 
genes supressores de tumor, genes de reparo do DNA 
e nos genes inibidores de metástase.
Dessa forma, a administração de GHr na ST deve ser 
feita com cautela. A constituição cromossômica e a pos-
sibilidade de mosaicismo oculto do cromossomo Y estão 
relacionadas ao desenvolvimento de gonadoblastoma. 
Vale ressaltar que o gonadoblastoma, apesar de ser um 
tumor benigno, pode evoluir para a forma maligna, o 
disgerminoma, em 60% dos casos. Além disso, o padrão 
de metilação nas portadoras dessa síndrome ainda não é 
totalmente conhecido e pode levar à perda da regulação 
nos mecanismos de proliferação, diferenciação e apopto-
se celular, contribuindo para o crescimento, a manuten-
ção e a progressão da maioria dos cânceres. Assim, 
independentemente dos benefícios que a terapia de hrGH 
possa trazer na estatura final das portadoras de ST, a in-
vestigação de seqüências do cromossomo Y deve ser rea-
lizada sem levar em consideração o cariótipo, bem como 
a gonadectomia profilática nos casos positivos para a pre-
sença de fragmentos do cromossomo Y, conferindo 
maior segurança ao tratamento.
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